DOCUHEHT BESUHE 



ED.s116 919 

^OTHOB 
•PITIE , 
IN5TIT0TI0N 

PDB DATE 



AVAILABLE FBOH 



EDBS PBICE 
DESCBIPTOBS 



SE 019 .8&5 



/ 



C 



Bruderlin, Max, Ed. ' 

Implementation of Curricula in §cience^ducatioh. ' 
German Conmisfeion for UNESCO,. Cologne (Wfest 
Germany) . . ' ' • ' ' , 

74 . • . 

v^Odp,;' Beport of an International seminar on "The 
aplementation of Curricula in science Edifcation with 
social Regard 'to the Teaching of Physic? 
(OniVersiiy^ Kiel, Mairch 16-18, 1972) 
Bowman and LittlefielS, 81 Adams Drive, To^iowa, New 
Jersey 07512" (ISBN 0-87a71-558-X, $10. 00.) \ ^ ^ 

MF-$0.76 Plus Postage. HC Not Available from EDRS. 
Conference's; *Curriculum Development; Instructio.n; 
♦Physics; '•Program Development; *Sci^nce Education; 
Secondary/Sducation; *Secondary School Science; 
Tea,.cJier Evaluation 



DIT&SCO 

V 



r 



IDENTIFIERS 
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' ^ ' - This report of an international coi^etence' deals .wi'th 
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Vorwort 

f» "... 

' • ' . ' ■ ■ < 
Vetanstaltungei) tiber aktuj^le Probl6me aus dem Bereich der Npturwissenschaften 
neKmen- iiu Arbeitsprogramm der Deutschen. UNESCO-Kommission einen sich ^tUn- ' 
dig vergrOBernden Platz ein. Das gilt nicht nur ftlr Themen der Forschungsfttrderung 
im ificernationalen und Interdigziplinilreff Zusammeohang, sondern auch fUr Fragen, 
die sich aus der Lehre der Natur-wissensbhaften uAd der AusbilHupg hierzu ergeben. 
V.or diesem Hintergrund ist das intern^fioaftle Semii^ar Uber die EirrfUhrung natur- 
wissenschaftilcher Cunicula In den Rhysikunterricht zu sehen, das von der Deut- ^ 

.schen UNESCO-Kommission und dem Institut fUr die Padagogik*Klfer Naturwissen- 
schaften (IPN) an der Universitat Kiel gemeinsarn veranstaltet wurde. 
Die hierbei angeschnittene Frage h^t.in den letzten Jahren zunehmend an Bedeu- 
tung gewonnen, wobei man verduchte - parailel zu einer sich immer schneller 

-entwickelnden Technologic - auch im Physikunterricht die Entwicklung neuer 
Ldirmethod^ und -mSt^rialien mit Nachdruck voranzutreiben. Die nach dem 
Erlcheinen des Sputnik zuerst in Am'erika und England begoi^nenen Projekte ftlr ^ . 
Curriculumentwicklung in den*Naturwissenschaften - jetzt bel^uft sich die An- 
zahl'von Prdjekten international auf einige hundert - und etwa die erhOhten Akti- 
vitaten von Lehtplankommissionen sind Anzeichen fUr diesen Trend. Es ist nicht 
zuletzt deshalb rtotwen(Jig, neue Wege zu gehen, well die in jUngster Zeit ange- 
strebten Reformen jlhr Ziel nur in beschr^nktem MaBe erreichten. Gangbare Wege 
zu finden heiBt aue|i, den InformationsfluB zwischen den verschiedehen Techni-^ 
ken, Systemen und Wissensxsh aft lichen Grundlagenforschurtgen auf dem Gebiet 
der Padagogik anzubalinen und zu fOrdern, Diese Forderung zu erfUllen, sah die • 
Deutsche l/NESCO-Kommission Jn der Mttglichkeit einer gemeinsartlfen Veran- 

' ^taltung dieses SeminarsVit dem Institut ftlr die Padagogik der Naturwissenschaf- 
ten in Kiel, wobei eine^schon seit langem bestehende gute Zusammenarbeit ge- 
nutzt werden konnte. Es sei der Deu^chen UNESCO-Kommission daher an dieser 

-Stelle erlaubt, ihren besonderen Danlt dem Institut fUr die Padagogik 'der Natur- 
vfissenschaften und dabei speziell seinem frUheren Institutsdirektor Prof, Dr, 
K.Hecht und dem heutigen GeschaftsfUhrendep Direktor Prof. Dr*K,Frey auszu- ^ 
sprechen. 

Dank der inte^cnationalen Verbindungen der UNESCO in Paris gelang es der Deut-^ 
schen UNESCO-'KomnTission, Jeilnehmer aus drei Koritinenten zu diesem Ki<f arh- 
. rungs austausch zusammehzubringen. Das IPN besorgte die wissensqhaftliche Aus- , 
richtung; durch seine enge Verbindung mit depi Groupe International de Recherche 
sur r EnsQignement de la Physique (GIREP), einer internationalen Vereinigung von 
Physikern und Physiklehrern, konnte auch es eine Reihe ausltfndischer Experten 
fUr-Beitrage zu diesem Seminar gewinnen, Diese internationale tusammeharbelt 
in Referaten und Diskussionen - auclf mit Beitragen von Fachleuten sUdosteuro- 
paischer Lander - •unterstreicht die Bedeutung des Seminars und hat siche^Ii'ch 
nicht ztiletzt zu seinem erfolgreichen Verlauf beigetragen, 

Thomas Keller ' *» 

Generalsekretar der ' ^ 

. ' Deutschen UNESCO-Kommission 



Preface - ' ■ \ 

Proceedings cohnected with .current problems in the sphere of tlj^e natural sciei^ces 
oqeupy ^ continually l^r^er place in the operational ^rog^mme of the German 
Conunl^sion for UNESCO. This holds good not only for topics having a bearing on 
the promotion of research in the international and interdisciplinary connection, 
but also for pertinent questions arising out of the theory of/and instruction in^ th^ 
natural sciences* U \% against this background that is to be seen the interhational 
seminAT on the introduction of natu^ science curricula in physics instruction that 
was organized jointly by the GernittKdrnmission^ for UNESCO and the Institute < 
for the Pedagogics of the Naiura'^^^ces (IPN) at Kfel University. / 
Increasing, importance had auach^jfi^|^centcye^js to ^u^ions cropping up in 
this connection^ wi^h the. atternpf b^in^^jfnade ^ paralleLio a technol(5gy that is ' 
advancing ever more rapidly - to pre^ss forward* energetically with the develop- 
ment of new methods and materials in physics instruction as w^ll. The projects 
for curricula development in the natural sciences, first ihitiated in Anierica«and 
Britain following tiie appearance of the Sputnik « the number of projects pursued 
on an international basis now amounts to something like a hundred - and, possibly, 
the increased activities of instructional: plan commissions are indications of this 
trend. 'Not least is it neceWry to adopt fresh approaches, ^because only to a limi- 
, ted extant have the reforms sought in recent times achieved their object. To find 
practicable wayS' also mean$ embarking on and encouraging the flow of information \ 
among the various techniques, systems and axioms 'of science- iii the field of pe- 
dagogics. The German Commission for UNESCO saw the feasibility of meeting 
;his demand by organizing this seminar jointly with the Institute for the Pedago- 
gics of the Natural Sciences in Kiel, whereby it was possible to make use of the 
excellent co-operation that has been existing for a long time a^eady. At this 
place, therefore, the Gerrtian Commission for UNESCO may perhaps be permitted 
to tender its special thanks to the Institute^fer the Pedagogics of the Natural 
Sciences and pariicularly to the Institut'e's former Director, Prpf. Dr. K. Hecht, 
and to the .present Director of operations. Prof. Dr^'K. Frey. 
Thanks to thr. international connections o/ UNESCO in Paris, the German Com- 
mission for UNESCO succeeded in secu¥iieig,the attendance of people from three 
continents for participating in this exchange of experiences. The IPN was in char- 
* ge of the scientific anangements and, thibugh its close connection^ith the 
Groupe International de Recherche sur I'Eqseignement de la Physique (GIREP), ^n 
international association of physicists and physics instructors, it also succeeded in 
gettiJig a number of foreign experts to make contributions to this seminar. This 
international co-operation in lectures ai!d discussions - including contributions 
from experts ia.South-East European countries as well^- underlines the significance 
of the seminar ^and certainly helped, not least, towards the success of its course. 

- * ^ Thomas Keller 

9 - Seccetary- General 

V German Commission /or UNESCO ^ 
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Karl Frey ; 

The implementation prol^lem of science curricula 



The topic ol ttfc UNESCO-Semiriar Is *'The implementation of sclenco curricula 
• with jpepial xe^rd to physics instruction". This topic; has not only developed in 
recent yeaxR its own objectives fp# which experiences can be exchanged, but also ' 
ha$ become, especially in the natui^Ji sciences, 'a question of primary concern. 
The priority of thl$ questllpn has its reason in px^ct(cfe, b^ausc in recent years it 
couW Be showii dieflriitcly'in this iifea that refbrms bf education did not reach their 
goilf, because the implementatlbn diW not lead to the desired products and^bepauie . 
curriculum devetopment Kas in' danger of becoming an uneconomloat enterpri^e^.^ 
The first statement, that.'the finished qurricula did not lead to the desired students; 
learning results, as well asi^he second, .that curriculum projects become too expen- 
sive and relatively; IneffecUve enterprises,' have ^ed to^basic thoughts concerning 
the curriculum pr^^ess^ - , ' " ' V ' ' 

One kind of reasonjtig led to the extremei ppsition that no curtlcula should be 'con- 
structed as such anymore but ^lily broad^d general topics^ educational tendencies . 
or "objectives with opi^ti ends" planned. The whole curriculum process is so to 
speak reduced to the ihstructional momenr^ when the teacher interactSvWith the^ 
student. » V ' ; ' 

On the other 'side there W^re thoughts and experiments to plan the iDti|rxlculum pro-: 
cess in its phase of implementation totally hy using the different kindsipf knowledge . ♦ 
and techniques from research ininnovation, systen\ engineering, socialization ' / 
techniques, and administration theories. M the sajnc time, problems of methodo- 
logy and systems' of spience arose immediately. Curriculum In^plementatloh has 
been shown to be an'utmost complex field, where system theoretical as well as ; 
' ideographicaljtatements are possible and jiecessary. In addtfion, traditional re- 
searchtiesighs controlling variables ate not applicable for explaining and exploring 
implementation processes. There is also the interrelation of a^eas to be attacked 
experimentally, and the areas. of policy and norms. ' \ 

Sotae of these problems are iritended^o be dealt wit)^ in'the cOatributions of the ' , 
UNESCO-Seminar, e.g. the central point oi teachers 4s implementators of curri- 
cula fcontributions by Rogers, Xhdmsen, Baez, Sawickf, .Balas\ibiiamaniam) and 
evaluation (contributions by Wood, Keeves and others). - ^ 
' Unfortunately, the general topic of implementation of curricula in the natUral 
^ : sciences could not be attacked systematically, but mainly from the viewpoint of 
single projects or authors. The expansion, concretlzatlon, and connections between 
the contributions happen in discussions and workshops. ' • 

As a consequence, in addition to the presentation of each ])aper, exchange of in- 
formation and develop^nent of new concepts impossible, which is a major goal of 
this international seminar. ' / ^ j . 

er|c: ' ' 10 



In addition, the UNESCO-Seminar, dealing wittv implementation and curricula in 
the natural sciences in the IPN, is a new model for cooperation between the Ger-* 
Titan UNESCO Com mission and sufiject- or science-oriented institutions. In this 
model, UNESCO lays the necessary foundations for financialjesources and external 
facilities afld" takes care of the^public representation of the se(hlnar. The IPN takes 
bare of the planning of tl^e topics, the structuring of questions,, and the inner organi- 
zation of the seminar. We hope that a fertile approach has Ueen found, by this 
complete subjectfree planning of content and at the^same time the assistance of 
the external organjization, so^tH^t an international exchange 'of information and 
the collective development of new concepts will be possible. 



II. The motivation and the structure of scienca^curricula 
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M.G. EblsQn 

The role of the history and philpsophy of ph^ics^in the physics^ 
cur/iculum * * 



1 . Igtroductlon • • ' / , \ 

It Is a formidable task to persuade^ some df the professional physicists who ultirffitely 
exercise c6nsi4«5^'able control over -much or ^he physics tau^t in schools and colleges 
■by their influence on the production of syllabuses and on the setting of examtna^ions,^ 
of the^Value and' importance of the history and philosophy of physics. Such physicists 
seem unwilling to se/e^physlcs as anyt^iing other than the reduction of .{)hysical pheno- 
mena to mafhematical teptesentation^ which take |he place of reality. r • 
There 'are those who arc simply destructive critics, atguing that histdky and philo- 
sophy qf physic|)adfe nothing mote than a complete wastje of time for all kinds of . 
students at .every level. ;ro this extrjtme ^sition we may replythat^clence is esten- 
tiatly a process, stretching, through titiie from the past, through th'e present to the 
future. In the second pentury B..C. the great Gr^ek astronomer Hipparchus GdSStruc- 
ted the first accuiat^ stat map. Nearly two thousand years later,* Bradley Vecorded 
prccisjeiythe j^osllions of^mahy starif. ln«13I8 his faults were t^^^ by Bi^ssel arid , 
in 1886 again ifevised by .Auwcrs.* Since thSrf ftesh nj©^^ 

and in !this;.wayjwe discover that certain stars move fcx^remely slowly in varrious dfrec- 
tions. It is out of such patient endeavour that scientific knowledge erne rgesiSqiince V 
,may ignore its hlftory, but if it does it rufts the risk x)f failing. At the end of the nine- 
teenth century, physicists i^rexe very concemed'bepause It se.embd impossible to dls*' 
covcr'whether oi^nof the Varth moved through the aether from.an experiment per-' » 
formed in an ear|h^bpund laboratory. The refined method upqn which, reliance was 
piacedr depen^e^ uppn a system of nriechanics built on foundations laid by Galileo* 
But in 1630 Qafl^^ had written: "I will endeavour to show that all experi- 

ments that ci]tt;;lf|^*r^^^^ the Earth ar^ injufflcient' means to conclude its mobi- 

lity, and. arejhliffiere^^ to the Earth movable or immovable"? and this 

,was in fact an essential part of his theory. But no bhe femcnibered this and the para- 
dox remained unresolved until Einstein said the same thing in different words. 
Herbert Dingle wfites! ^ / ^ * ' 

"... the history of science is science. Scientific workers may forget this^ \hd, 
knowing little or nothing of the ground on which, th^ir edifice rests, may add^to 
its structure and jeach position? of the highestqsminenqe in their profession, but 
"they ^re not then educated men. To the true scientist they are as the artificer to 
the artist, the sleep-.walker to the explorer, the instinctive ery tp thte pregnant 
phrase. Such a one may achieve much of value, but he is also a potential danger. 
At tl^e moment he happens to be a profoundly ^disquieting menace to our civiliza- 
tion"(l). . . , // 

Vi would not, I think, be equally vaUd to claim that the philosophy of science is • 



.science. iKst surely it is almost' beyond contention that an important part in the pro-^ 
cess of learning about science mttst lie in trying to unditrstand the nature of science. 
The scientist making the lemi-serious charge that the t jtsk of the f||ilo?6pher of 
science is.ta make difficult what-eyerybody else finds -^pbrijctly pasy, ip misinter- ' 
pretin^,^ per'haps deliberately, what the ph^sbpher of sqience is trying to do. ' 
Amongst those who expr«ls constructive doubts concerning the history and philosophy 
of science, it iVj^ssible todistinguish the folloi/ing groups;, ' _ 
(3)' fhose whcTargue'thaf^nce it is not possible to une^^-accurately the whole 
^historical truth about any past -set of ciitymstances, the whole activity of looking at 
the hlstoiy of science can lead only to frustration and mfsconceptions (2). this view 
is surely unduly pessimiitit. Certainly fallacies may arise ^rom the use of bad or * 
• ina'dequatc history of scien6e"(of which therfe is admittedly a good deal)* A good 
hist9ry of science that i^ based upoft some acquaintance on the part of the teacher 
with original FaAerahan Jcpondary $6arces,^is able to provideHHuminatiqn without 
ncccssatfly cFaiming completfeness for the story tplrf. |>. G, Brush, by using a num- 
•ber of <5^'se histories, l\as illustrated .hqv? over-Veliance x>rk secondary sources can lead 
to errors of '*fftct being^pcrpet^uated(S). . 

In connectiori with the point.of«fccuracy in history, G. Sarton has wrilticfn:^ 
' . . Jthpse.who know science -"or areisuppc^ed to know it because they have made 
■ a speciil study in some narrow fieldv- are often given to viewing history with con- 
' t^mpt. Th'ey think that the study, of history is hopelessly inaccurate and, -according 
to their own <leflnition of scienat, Vjiscientiftc.'^This is a mistake, which. How- 
ever, it would iikt too long to refute completely. Suffice it to say that historical, 
studies, lilce all other studies, are approximate; the approximation obtained by 
k historians may be looser^ but the studies are none the less scientific for that. It 
is not so much its degree pf approximation, as a definite knowledge of this degree, 
thiat gives to a study its scientific character"(4):# ' , 

(b) Those who accept the value of the history of science for students who are not 
going to become specialists in the suDjcct, but have doubts about its value for the' 
%ure profeWonal'scientlst.'xhus, -J.B.'Conant, who has pioneered the use of 
hmorical case studies fbr nop^^ctencej majors' iSee, for examgl^, ''Science ind 
' Common Sense andHg^u^^r^Case Histories in Experimental Scienc^ "7 has /written 
, that while a knoylSffgc of theJtrfstory of science may help a scientist to function , • 
inore effcctivel)(as a citizen outside the laboratory, it Kas nothing to teach him 
aibout the mcthod^ie should adoj^ln order to niake new discoveries. R. B. Lindsay 
has effectively r^fuied this view by giving a^number 6f instances in 'which scientists 
have been greatly hci)ped by a knowledge of the work of t^eir predecessors. SiicH in- 
stances include Galil^'s raWance upon Archimedef in mechanics. Young and 
FresnePs careful, stti^. of the work of Newton and fluygens in optics, and 
de Broglie's dependence -oh the speculations of Hamilton and Jacobl on the 
relationship bctwcJen mechanics and optics (5). ,H. Dingle also* takes a vifew 
contrary w that of Conanf. He suggests that any scientific researcher will prpfit 
by returning to the great thinkej^and investigators of the past within his'own parti- 
cular |rea of resjcarch. The^sults of such forays caifl be surprisingj since the resi- 
duum of the work of such people which gets fossilised in textbooks pfteA presents a 
distorted view of what they actually did and thought. Dingie feels that clues to the 
psychology of scientific discjdvery can often be gleaned frGfm th^| kind of historical 
itudy(6). . ' 

1 Ip 
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<G) There are those whq believe that a study of the history and philosophy of science, 
though very valuable, should essentially be confined to gradkiate study. O. BlUh, 
^ for example, has argued that ' ^* 
. . only if students have some background of the subject wtll it be possible to 

aw^ken^heir interest in the historical (development seen as a search for knowledge. 
.... Ojie might venture to put forward as an educational principle tl\e proposition 

that the specialist will appreciate the wider aspects of his chosen field of study . 

only when he sees them from his local standpoint,- from the viewpoint of his 

speGialization"(7). , 
" This view may ^well be applicable to a detailed study of the tecjhnicalities of the * 
history of science but it can be argued that much can be done at Igwer levejs by 
presenting physics with a dije regard to Its historic^il and cultural setting. Even in 
an initial course *the historical material does not have 40 be confined to anecdotes 
and simplifications of doubtful authenticity as BlUh contends. /"See G. Helton's 
comment on Bltlh's paper hi the American Journal of Physics 23.389 (195&).J 
In contrast* to the doubters, many eminent scientists have written persuasive articles 
and given eloquent talks in an attempf to justify the-importance of the history ^nd ^ 
philosophy of science. Six extracts have been chosen from a period covering more, 
than forty years. ^' 

(a) In 1927 Charles Singer wrote: 

"We cannot form a clear picture of the government pf our country unless we know 
its political history, and we cannot attain to an educationally valuable knowledge 
of science unless we know also how that body of thought came to be yW^ in fact it 
is. We must underst^nd^he judgements on which it came- to be based. Lpng ^fore 
the days of Comte, Goeth^ssured us that the history of science is science itself. ^ 
If trained.alonto historical IJnes from the first.^the stu(ftnt will lea^'n to recognise 
^that science j>/s grown m the pastry the operation of forces similar to those which 
ate promoting it in the present. And, moreover', that science,iias not only grown, 
but has also developed,' and that this process of development has been so profound 
that the whole appearance of the body of sfcigntific knowledge h/cs\een changed. 
This naturally leads to the attitude that \vrtiat^as happened repeatpSly in-the past " 
may be expected to happen again, and that even what seem our most fundam,ental 
scientific conceptions are liable to revision. It ^^s in this willingness to revise opin- 
ions that scientific attitit?te is fciund. Practical acquaintance with the methods of 
science is needed to help us livjs our lives. A survey of science that shall aid us in 
undefitanding our world is no less essential to make Our lives worth living. For such- 
a survey, historical considerations are not only necessary, but are Implicit in the 
very attempt"(8). * 

(b) rn 1952 I. Berna'ftNCohen wrote: * , ' 
"From the point of view^ General Education the purpose of teaching science is 
twofold: -social and intellectual. This reflects the dual role played by science in 
OUT civilization. Science^as come to occupy a fotemost place among the factors 
affecting our healtJU:s*r^lth and security, and producing social change; whether 
we like it'.or npt/f^e promotion of science must be a primary concern for'all active 
citizens in a free society. 



Yet to view the social context of science only in terms of the fruits of science, would 
be a cruel travesty^. Siiice its very Inception science has been the delight of the mind, 
one of the great creations of the human spirit, and its effetton every other branch of 

•human thinking in evefy age is manifest to all who Kave eyes to see,^ 
. . . Taken over the centuries, scientific idea^ have exerted a force on our civilization 
fully as great as more tangible practice applications of scientific research. Jind I 
would submit thatto present science in purely abstract terms as a' coUectlon of Infor- 

*inati6|i or as a system of knowledge, thereby Ignoring the place'^of science iii the 
A drama of human history. Is simply to lob {he students of their own hei^tage as human 
beings and to reduce one of the most exciting chapters in the history of mankind to 
the bare bones of observed facts and the skeletons of dry theories built bf them*'(9). 

(c) In 1966 S.i; jakl wrote: ' 

""Although physics haSigrpwn/ihto a major force in history, . its own history Is little : 
known an^ seldom refiepte^i upon. Yet, like arty other human creation, physlcsTcan- 
^^jjU^be fully understood unless it Is viewed In the perspective of its historical deve- 
'*n^f>}nent Indeed neglpct of the study of the recent and; remote past of physics is 
probably a principal cause of the cultural split that in our age has put scientists and 
humanists in two widely separated camps - the phenomenon C. P. Snow has labeled 
•the two cultures' "(10). . • . 

(d) Again in 1966, M. Rabi/ the Nobel Prize Winner* spoke as follows at a mee- 

- ting of the Educational Policies Commission, A. A.A.S. Meeting In Washington, D. C. ^ 
USA: _ - 

"So what I propose as a si^gestion for you is that science be taught at whatever level, 
from the lowest to the highest, in the humanistic way. By which I mean^ It sHbuld be 
.taught with a certain historical understanding, with a social understanding, and a - 
human understanding in the sense-of biography, the nature of the people who made 
this construction, the triumphs, the trials, the trlbulations"(ll). 

(e) Inl967 A.J* Woodall wrote: * , . - ^ - 
"The rapidity with which the facts, theories and techniques of science are changing 
ensures that the currently ^accepted version of science will be drastically modified in 
many ways within jfie next cbuple' of decades. If we could present to our pupils a fair 
version of 'science • today', without bothering durselves or them with what Jias gone 
before, as p|reparatlon for a career in this increasingly sclence-dgminated techriol<\- 
glcally-adyanced world. It would be like using a single stlU from th6 middle'of a 
film as preparation for viewing the next portion of the filni, we must know some- » 
thing of what wenthefote in order to form a mental picture, of this vital, deve- 
loping entity w^e call science and fit it into its setting as an essential part of modern 
ciYilizationiV(12). 

JJt) In 1969 L?E. Klopfer wrote: 

^'In a fast-moving, ever-changing world . of events, it is easy to ignore the record of 
.past accomplishments, struggles and defeafcS| history, the teacher may c^im, has 
little relevance to the contemporary scene or ttf future problems. In the face of 
numerous scientific discoveries, science te^hjcrs ftfel. overwhelmingly pressed to 
reshape their Instijiction so as to keep it up-^to icfate; the history of science, they may 
claim. Can corilrlbiitc little to khowledge their students need today. Both of these ' 

.claims are erroneous. Familiarity yith political history does enrich an understanding 
of contemporary world events and issues. Likewise, the history of science can help 
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- students Jo attain a better understanding of science. The history of science can serve, 
as an Important source of Insights and materials for the teadl^lng of sclence"{13). 
Despite such powerful pl&as over the years, the reaction of many physicists remains » 
something like the sceptic considering the Twin Paradox In Speciaf Relativity: 
"You have proved your case but 1 4on*t believe a . wordj&HfT' While admltttng^that 
the lilstory and philosophy of physics is Important and that students should not go In 
' igngranc^ of them, neverthe^less they are. not fo be confus^dwl,th 'real' physics. This 
* would seem to reveal ^ prof9und misunderstanding conc^wflng the meaning of 
•rear. ■• * ' . ^ . 

It Is necessary to expresi concern that as physics teachers we dre often kept busy 
' constructing models of what we believe Is happening in our clashes whereas the rea- 
lity Is frequently very different. Now models as used In science have negative analo- 
gies (i* e. features In the mpdel that are different from the thing or process that thf 
model Is describing) as well as^ positive analogies (14). It Is possible that one of th^ 
negative analogies of the models of the learning/teaching situation In physics cl^s 
that we construct at conferences and in curricul^m development and research groups 
as compared with the actual situation in a real classroom lies In the nature of science. 
It Is precisely In this area of clarifying the nature of science that the history and phllo* 

^ sophy df science have a vital part to play. 

As educationalists we must not listen tooplosely to the narrow, views of professional 
physlclsts^however competent fhey may be within their own restricted areas of research. 
Such competence does noL compel educatipnailsts to accord automatically- any special 
virtues to their views on physics education. Still less ought such views to dictate our 
actions and44eas within our area of expertise. In the December 1971 issue of Scien- 
tific American there Is a reproduction qf the ambiguous picture by S. Dall 

^"^lave Market with Apparition of the Invlsib^le Bust of Voltaire". When viewed at 
close: range the figures of people '^eddmiiiale; when viewed at a distance the bust of 
♦Voltairs becomes dominant. 

Equally a-^narrow, close view of physics must yt^ld a very different picture from that 
. obtained by someone standlng,back from the esoteric frontlets of contemporary re- ^ 
search In order to attempt t6 see physics as some sort of organised pattern connected » 
and unified by certain basic underlying principles. . I would want to argue that it Is ^ 
the latter view that is overwhelmingly the more'lmportaht for physics education- . 
It Is essential to consider a^^ln the problems of how we present physics at all levels 
'beqaus^he situation facing us In schools and cblleges Is radically different from the 
one that has existed In the Immediate past. There has been a violent change In the 
status of science. From enjoying a relatively high reputation as a result of specta- 
. cular achievements, scler/fce finds Itself now scorned and btten reviled. H. MacMahan 
recently wrote: J ^ ^ ' . / 

"No one can de^ty that careless exploitation by science and technology'has con- 
tributed- to the multi-crises of our times. To name a few; the possibility 6*f total 
destruction by nuclear war; an irreversible polluting of our entire planet; a totally 
/ unsupportable arid largely miserable society brt)ught on by an un»ontrolled popii- ^ 

latlon explosion; a World-wide alienation of citizens, especially young people, 
' , .from a highly complex* technological spciety in whlqh they themselves are^rre- 
^ levant pawns"(l§)i' . * • " : ' 
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While it woul^be an exaggeration to cl^im that the new vlew^of science has yet a 
fijrm hold on the majority of today's youth, nevertheless a substantial minority do 
adopt extreme anti- rational views In regarding science as basically evil, yhus, 
P. Goodman tn ''browing Up Abswd'" writes: ^ . 
. ''Bissident young people are saying ^thgt science is antiiifo, it is a Calvinist 
obsession, it has been the weapon of white Europe to subjugate colored races, , , 
and scientific technology has become manifestly diabcflical. " ^ ^ ^ 
■ Now this ia a violently extreme view but we need to take heed of, it and We certainly 
must not let any case that we have concerning the. manifold benefits that science has 
brought .to the world go by default^ For the influence of extreme positions is not to be 
gauged simply by counting the hea^i of extremists. They often have an influence out 
of all proportion to their numbers. Extremist views ate usually superficially Seductive, 
even, for great ^ent majoriiies who may wi?ll use the views,' frequently unconiciously, 
•to estabiisMranfe of reference. ' ' ^ . * • 

So we need to re-exahnine carefully the fundamental principles that are used in con- 
structing physics ^Uabuses. A. Bdker in '•PhysiiJS and Antiphyslcs" argues that the \ 
pducational system'^is changing with great rapidify. He writes: 
-The .universities have two responslbiliti^, and to some extent these are in con- 
flict: onelis tdxontribijfe active Icad'ersjlip during periods of pQl^tital and emotio- 
nal crisis Ajthe otheV i& to preserve islands of rf^spn and oblectivltyahd>Jto keep as 
many pcbk^ Intellectually free as possible. I do not helieVe tl^t thes^l)Jectives- 
are best saved any longer by maintaining the traditional separation between physics 
; ■ ' and th^ lek of life. T^e humanities are in toudh with the majority of young people 
. an4 the academic humanistsVare in the vanguard of the new movefnent. Yet we, 

cOntOwe for the most part to teac^physics as if nothing has happened*'(16). 
Baker is, of cAurse, referring to the American situation where a larger proportion^ -of - 
.'students goesjdn to college or university than*is the case in most European countries. 
So the duties which he outlines for American, universities must in/some sense devolve 
uponlthe European schools.- 1 want to5|jr^e tljiat by paying due regard to the history and 
and philosophy Ipf physics, we^can help to shape the image of physics in such'a way 
that we can meet Backer's requirements even in initial physics courses. 
We hded to momfy drastically the'ldea tfiat real j^hysics consists of learning several 
metho'ds of meaWing the value'of certairi^ physical properties or of performing mathe- 
,matlcil gymnastics on cunningly- devised artiflciskl pxoblcms made manageable by 
ascribing idealised properties such as zero friction or point vmasses to the world. Stu- 
denta of physics al whatever level musty-be presented with somethfng of the ways in 
which hypoth^j5e(5 are genwrdt^d dhd tested, models are developed and modified"*, 
laws are formfllatbd and circumscribed an|rittieorlci-are constructed and inter-con- . 
netted.. Though iiip wprd'"xcal" is notoriously difficult to define, sur'cly it is the ' 
uses Of hypotheaesi; models.. laWs and Ihebrfes that are the "rear physips. The pro- 
fessional physicist may learn the uses of such concepts within his- own researqji: For :^ 
the majority of pc^ople w^t6]leam physics there will be no such opportunity and we v 
need specifically tto deal with such' areas in'ali our couri^eS if students are to emerge ' 
wit^/ny understating of the fijue nature of science.* 

In brd^r to reshape the image of physics we need to alter tfie style of our teaching 
a&much as its content. Emphasis should be placed upon the **verbr aspect of physics, 
in the sense of phy^cs fTs a dynamic developing discipline, as welp as upon the "noun" 



aspect 'OT physics la the sense of a coHectlon of facts, definitions, laws and theories 
which have to be learnt vMthout real understanding for regurgi^tatl^n ^t specific points 
In space-time such as examination halls. » ' ^ 

Above alL we need to reveal to our students that physics Is done by people who have^ 
. the normal range of human feelings (17). Physicists do not believe that they are In- 
fahlble nor that their subject "Is without Its own .Inherent limitations. Most recognise 
•the dangers of the all-too-common misconception that science Is- the all-powerful , • 
filial authority. Perhaps fewer recognise the dangers of dogmatic tenckencles within 
physics, Land6 writes: * 

, , if you cannot explain It, call It a principle; then defend It as fundamental 
and absolutely. Irreducible, so that speaking of the unsolved riddle! from here on 
' becomes the mark of nalvet^ If not of heresy"(18). ^ - 

In general, however, physlclsts'do hold that their subject properly used can provide 
long-term solutions to many of the very real problems facing the world. 
Before presenting the more positive aspects of my argument, mention needs, to be 
made of certain features of the presentation of the history and philosophy of physics 
that should be >^voided, 

(a) W.e must surely look beyond the mere presentation of a rag-bag of photographs 
of the busts or tombs or monuments of famous physlclsts'so beloved by authbrs, pre- 
suma|)ly as a means of humanising their texts. Such things have a strfctiy limited 

* appeal for students and may Indeed deflect attention from the more Important exami 
nation of Ihe way In which the 'perlon concerned has taken an Idea and developed It 
within the context provided by the society In which he lived* 

(b) There »s no need for students to be burdened by m^Inute details of the events con- 
sidered. There is little to be gained by insistence on the memorisation of'dates (and 
Indeed many, of the dates scattered through the average physics textbook are factually 
incorrect). Furthern:\ore. -even If they were correct they would contribute little to the 
historical understanding* of physics that we are^fter. We should tnstead deal with the 
broad sweep of Ideas In which students have an Idea of the relative chronological 
position of famous physicists as great themes of physics develop. 

(c) The philosophy of physics Is often sald/Td be abstract and Incomprehensible. If 
'our development of the philosophical Ideas of physics leaVi^ students With this Impres 

^ slop, then-It has failed. 'U is not difficult to avoid over-c<p)nplex Ideas at the early 
- ^jtages and yet still present certain features of sclentfflc^ methods to our students so 
that as they become more mature they quite naturally approach scientific problems 
In the rigHt frame of mind. • ^ . 

(d) The philosophy of physics'' can be expressed In a highly technical and symbolic 
language. This would be quite Inappropriate In the kind of cours^e about which we - 
*are talking. c ' ' 

Some comment needs to be made at this stage on the connection between the history 
and the philosophy of physics. In this paper I have accepted the view that for the 
r historical record to have any useful meaning It h^s to be Interpreted and related to 
present knowledge^ This Interpretation Inevitably Involves philosophy. Again, the 
influence of philosophy on the development of physic^ Is most clearly brought out {n 
terrns of concrete episodes from the history of physics. For reasons such as these it 
' .IwOuld seem that for our purposes the history and the philosophy pf physics are In- 
. "cxtricabiy related* 



Concerning the background of my proposals, it is not my intention '^o argue that all 
. that need to do i« to insert a section witlh the title "History and Philbsppby of 
iPliyfics" Into every physics curriculurh andsiniply allow it to take it&/place'^Iong- 
side -Mechanics^ "HeaP, ""Optics'/, "Magnetism and Electricity", "Modern Physi«:s- 
an 80 on. Still less is it my contcatlbn that a course on the history and philosophy of 
physics, should-rcplace the physios course. My plea Is that* we should adlov the history 
and philosophy, used Judiciously, to Influence oui^ whole style of teaching. In my 
view, the style of our teaching is the most vital single factor to the success of any 
curriculum.; It ij 'also the most difficult factor to get exactly right for it is so elu- 
sive (19).' ^ * 
Many of us proceed at an enormous rate through the syllabus, making definitions, 
introducing doriccpts, deriving formulae, creating problems and so. on, so that It is 
little wonder that even with the best will in the world, our students sometime* feel 
• that they are standing at the bdttom of a veritable waterfajlt of knowledge. It is 
natural for^thcm to grasp at definitions and formulae out of thiU wcltar of infOrraa-. . 
tibn as given thcni at least some sense* of sccCirity. Not »urjpri5ing}y they too easily 
assume that such things' form the essence of the subject. 

J^Rlgdcn in an article "Reshaping tiie Image of Physicf"(20) argues .persuasively [ 
that there arc three changes *in style of teaching whlc^ could help to change the 
image <y physids as being little rnorer than a vast collection of Isolated fact5:' 
First, wc nced-^to share with our students something of the wonder and pleasure that 
>we feel' coficerning the intellectual structure thaf physicists claim to have built in 
order to explain the physical World. , . 

Sccofldly, wd need to lay emphasis on physics ai a dynamic prpc^s^ rather than 
simply a static product. Fact? stated 4n a straight-forward way are rarely interesting 
-and compelling; But the sarfie facts placed* within the context of how they came to 
be discovered and understood can become fascinating. It is^fflcult perhaps to- give 
the context of maqy of the more intriguing contemporary advances in physics jpn an 
Jj litial ph ysics dourse slndc to understand them adequately necessarily involves a 
good acq&aintande with some quite sophlstlc5aitcd mathematical techniques. This is 
no excusc^however, for failing to present physics as^a dynartiic process. Here Is 
one point where the history of physics is able to hel^p, for it is not difficult fo find 
topics that can be developed in a way that will reveal somethiwg to students of the . 
drama and intrigue that was originally present, RIgdcn writes: 
"the historical development of selected topics, perhaps in case studies, would 
show students how.ldeas dre.born,,. tested, .modified, compresfsed. integrated into 
mor,e general seheraes, pr devitaWzed^i^ijie extent that they slowly fade from 
the scene"(21). \ 4 

thirdly, it Is necessary to reduce the $he:er bulk of material that is presented on 
Initial physics courses, the teacher needs to gain elbbw room so^jthat he can show 
. by tracing the evolution of selected themes how today^s process becomes tomorrow's 
product in the development of physics^ ■ ^ " 

It is now necessary for me 'to be positive and specific concerning the role that it is 
my belief that thf history and .philosopJhy of physics can aii^ ought to play in the 
physics curriculum'. This Vole may conveniently be analysed Ih terms of certain 
attributes, "aptitudes' and attitudes wMch might plausibly be held to be desirable . . 
in a student completing an initial. course- whether or not heintends to ^o on to 
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specialise in physips. And as Professor Eric Rogers has remarked, we must be e»n 
cerned v/ith the student not only during the course and at its end but also a dozen or 
so years beyond, for some at least of his feelings conceming,his physics course may 
weUinfluence his children when they in turn C9me to start Ihefrspwn physics courses. 

might be .a salutary experience for us to ask our own pupils, twejve years after ' ^ 
they have "left us, what they remember of the courses^that W'e gave them. I suspect 
that in the cM days it could well have been some vague recoUec^i^nofdbnsity 
bottles, pulleys and inclined planes; I jiope that with all our new cou??eS*the future 
will not yield a similar sort of restricted recollection but then in terms of linear air 
tracks, ripple tanks and power packs I ' > \ * 

I shall not rehearse all the grand treasons for introducing the history aAd philosophy . 
o!f physics into the physips curriculum; This has been done so often and so well in 
the past and more recently in a fascinating and timely paper by Profps;K)r6. Holton 
with the title "Improving College Science Teaching: Lessons from Contemporary 
Science and the History of Science" (22). Nor shall I give an extended discus- 
sion of methods of using the history of physics in physics teaching since a compreherf- 
siVe discussion may be found in an excellent article "A Sense.of ^pistory in Science" 
by LB. 'Cohen in ti)e American Journal of Physics 18,343(1950). Rather I simply 
wish to point to soifc trends that I believe are desirable and which can conveniently ^ 
be emphasized by uOTg: historical and philosophical perspectives in our physics tea- 
ching. Some phyacs teachers may well feel that some of these trend* will arise in- 
cidentally in their^eaching. They may feel that they extracted the features that I 
will be describing out oif the physics courses, many of which were highly traditional, 
tbaf thjey themselves took. I believe, however, that we should not too readily as- 
sume that what has happened to those of us who eventually chose to become physic^ 
teachers will necessarily happen to all our students unless the , points. are made ex- 
plicitly at some stage in their courses. 

2; Students should be able to appreciate that ^sics is a pretty grand affair 
and yet is a profoundly human activity" ?! 

PJiysics is so grand that it vitally needs the very hdman Wait of irhaginStion if it is to 
beglii to accomplish its task.. Physicists do not become desiccated calculating nia^ 
chines on passing through the dpoF of a laboratory. Too often we underestimate tn^ 

^art played by imagination and intuition iri physics. Eiper^on wrote': 

"Science does not know its debt to imagination. " ; V . ' - 

And while one might quarrel witt? the depersonalisirig'effect of using *scien<i!e* rather' 
\h^n scientists , on^ can heartily agree with the opinion here expressed. Max Planck 
does not make Emerson's error when he writes: •* ' ♦ 

• "The pioneer scientist must have a vivid intuitive Imagtnation fpr new ideas, ideas 

^ not generated by deduction* but by artistically Creative imagination. A(23) 
The history of jJhysics shows many examp'les of great discoverfes being made by the 

'stubborn adherence to Ideas th'aThave arisen in a great physicist's imagination. There 
-eire leaps in the dark which yield stupendous results. To take but two examples, think 
of touis de Broglie's almost mystical conjecture that if waves could behave like 

'particles; particles might behave.like waves. Remember that at the time this could 
equally well have been th,^f inspired guess of a genius or the wild fantasy of a fanatic. 
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Qr chink of Dirac's interpretation df*che equations of relaciVistic electron \heoiy in 
Which h^ suggested that if ^11 energy states of electrons defined by his equations are 
equally permissible, then even in a vacuum we can imagine a space teeming with 
•electrons, t?ut having negative energy. If from this "sea" of electrons, an electron 
Jumps into a state of positive energy this would mean the appearance of a nega- 
tively charged -electron, with a "hole" left behind which acts like an electron of 
positive charge. < ' 

How can -one possibly believe thart these example^C^e evidence of any sort of 
automatic straight-forward computer-like activity r And yet physiqists manage it all 
often! Thusln the case of Dirac's suggestion, many physicists at th^lme thought 
that it was no more than a mathematical curiosity ~ a trick with the equations, 
having. np real relevance to the world of material particles. \ 
The two pxamples given above, a're chosen more or less at random frorrt ipe many 
possible ones available fjrom the history of physips. This area is pursued rhuch further 
in a very interesting book by A. M. Taylor "Imagination and the Growth of 
' Science"(24). - *^ , r 

But, of course, imagination is not the only mark of a Wman being which is mani- 
fested by physicists^. For example, tenacity and har<i work are also required. In the 
Project Physics course developed at Harvard University (25) there is an experiment 
which Illustrates these, traits neatly. The student uses a set of unretouched sky-photo- 
graph.s to plot the orbit of Mars. By doing this he begins dimly to appreciate the 
magnitude of the task that Kepler faced for so long (and without the advantages 
of photography I )• v 

This is not the point at which to develop the idea of physics as a human activity 
much further excf^pt-to say that students have much to gain by knowing something 
of the very complex personality of a man like Newton (26), the\eccentric charac- 
ter of a man like Cavendish and the unusual background of a rmn like Faraday. 
An interesting modern example of th^part played by personal relationships in an 
important scientific discovery involving physicists appears in Watson\ book "The 
Double Hellx"(27). The somewhat violent reactions to twyjook give ata indication 
of the kind of pressures existing to preserve the picture cMsdientlsts as cMd, imper- 
sonal, rationalists rather than as people {iossdssing the normal human virt\i^s and 
faults. * 

3, Students neej the opportunity to see the requirement of a balance betwee 
the variou/compdnents of physics ^ 

The ideal paradigm of physics' development involves the maintenance of sonie 
sort of balance between theory, experiment and technical development of equip- 
ment. It is a simple matter by choosing different periods in the growth of pljysics 
to show that, allowing one component to becom,e over- emphasized at the expehscv 
of the others, leads to a lop-sided growth which may even cause the whole process 
to wither arid die, at least temporarily. This point may well be illustrated by 
looking at Babylonian astronomy where sterility eventually set in because of the 
lack of interest in developing any theory to interpret their very fine collection of 
data resulting from a patient collecting and recording of observatiorSs over many 
centuries. In the case of Greek science, though^ experimental work was by no means 
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entirely absent, it was the over-emphasls'upon theory at the expense of relevant 
observations that effectively brought development to an end. 
The dependence of the development of physics upon the availability of equipnient 
is easily illustrated at almost any stage of Its growth. A particularly striking example, 
however, is the development of whole important lines of physics as a result of the 
confluence of methods of securing good vacua and high potentials in the nineteenth 
century. And yet not too much must be made of the dependence on equipment. AS 
H. Buiterfield points out, many sensational steps were taken in science in periods 
when the instruments that we might feeljo be absolutely essfeiKial, W0renot in 
fact available. He quotes the example of the Copemican revolution coming in 
advance of the telescope, Harvey's discovery of the circulation of the blood befor^ 
the Microscope and Galileo's work on kinematic^ coming before the production of 
accurate timing de^es. He writest • ^ 

". . . change is bAught about, not by new observations or additional evidence 
the first instance^ut by transpoiitions that were taking place inside the rfiinds 
Of the scientists thel3nselves'728). ' 

4. Students need to be awar¥ of the Inipotence of asking-the right question 

In Project Physics students are treated to a few of the adventures of that marvellous 
J. Hart cartoon character B.C. In one cartoon in Unit 3 "The Triumph of 
Mechanics", B.C. is asked the question, 

"Why are you dragging that chain around?" 
To which he provides the sensible answer, 

"Did you ever try pushing one>"(29) " 
So many of our initial courses are organised in terms of asking students to solve pro- 
blems, both theoretical and practical to which there is already a single established 
answer, conveniently provided for them either in an appendix at the back of the 
book or in a book of constants in th^ laboratory preparation room, that it is neces- 
sary to make a cpnsclous effort to show that in^the development of physics, it is ' 
asking the right question and framing it in the right way, rather than finding the 
right answer, that has been the crucial factor. And, of course, Risking such a 
question is often much more difficult than finding an answer. 
Examples illusttating this point are abundant both from ancient and modern ttaes 
in the history of physics. Certainly the problem of the motion of the planets in their 
orbits is one of these cases. We can contrast the explanations given by' Kepler and ^ 

^Newton. Ke^lei expla^nes the tiingentlal motion of a planeralong its orbit in 
terms of the drag which magnetid.Hnes of force emanating from the rotating sun 
was suppjpsed to exert on the planet as they swept over it. (He explained the radial 
motion If a quite separate magnetic force between thr sun acting as a spherical 
magnet with one pole at the centre and the other distributed over its surface and 

' 'the planet itself magnetised like a baf magnet with a fixed axis (3Q). ) Newton, 
however, was able to formulate.a mSeh more satisfactory anawer essentially because 
he asked hims^f the right question. Instead of asking "what pushes the planet along 
its orbit?"; he asked "what stops the planet moving in a straight line?" 
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5. Students need to realise the Important part played by models in physics 



It has been said the idefaV a model is the rriost important notion that a scientist 
needs to grasp (61). It i$, however, by no means a*simple idea to bring home to 
students.in terms of the models now being used in contemporary physics research - 
quarks, dlons, partons, stratons and the like* Once more, the history of physics 
enafeles us to develop j^[s important philosophical idea. 

The property of a mod^^peirjg useful rather than "right" is iilustrated by a cartoon 
in Unit S^Models of the Atfim^of Project Physics, >In this cartoon a isomewhat com- 
placent jirtisan is shgwn holding a physical- three dimensional model of an atom 
of welded metal hoops. He is standing next taa rather apprehensive bbt clearly 
erudite physics lecturer w|^ has just finished writing ScfirOdinger's equation for 
three dimensions oh the bl1|ckpoard; jThe question beneath the cartoon asks: 
i "images of the atom. Wfildhis rniSre useful > Which one Is the atom really ' 

ui<cr - \ \ 

The process of trying to visualise an irtcompletely Understpod physical phenomenon 
in terms of familiar objects and ideas is a common one and is almost Indispensable 
to progress in the theoretical treatment of physical phenomena. Indeed, one migh)t 
justifiably claim that the development of physics has been, in essence, a process of 
repifcscnting the physical world dt each stage ofjour understanding by a temporary 
'model which incorporates cirtain fundamental Ideas and which lends itself to the 
application of simple quantitative rulfes of behaviour. It is by' the deflnitiort in a 
mathematically tractable form of thoseT features thought to be essential in a pheno- 
menon. Which allows the correspondence with experimental results to be critldaily 
tested. Significant anomalies rfevealed in (his Way mean that the* model has to be 
suitably modified, and in -tfiid w-ay the physicist* s view, of nature has gradually 
developed. An excellent exa'rj[y)Ie of this, process has occurred in the evolution of 
idelis concerning the structure of the atohi. If we consider the cHafn: Daltori atom 
model-* Thomson's plum pjudding atom model-* Rutherford's planetal7 atom models 
Bohr's., atom model-* quantum mechanical atom mode}, it, is immediately apparent 
that each fresh model resulted frqm a' crucial anomaly thrown up by experiments 
used to test the reigning model. On each occasion the new model.had to explairi 
all that its predecessor had explained and in addition it had to account for the 
anomaly.' ^ ' ♦ ' ^ 

Students need to appreciate that ^he relationship between a ihodel and the thing 
oi;,:process is being used to describe involves posltlvcr negative and neutral ana- 
logies. It is a great disappointment for me Vfhen after having accompaniad a student 
through a three or four year physics course, he sidles up to me and in a conspira- 
torial Vhisper asks: "Is light really a wave or really a corpuscle r 

is* Students need to learn that there is no-subh thing as the scientific methoci 

We, should try to eradicate the myth that there is a single unalterable method 
ilppUcable to all situations, at all times, in all branches of science. 
Scientific methods arc best seen by looking at the way actual scientists made/^ 
actual discoveries. Conant writes: . ' 
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. * "The stumbling v/ay in which even the ablest of the early scientists had to fight 
through the thickets of erroneous observations, misleading generalizations, inade- 
quate formulations, and unconscious prejudice is the story which it seems to me 
needs telling. It is not in courses in physics or chemistry or bialogy or any others 
of the natural sciences as far as I am 'aware. Take up any textbook of any of 
these subjects and see how very simple it all iseems as far as method is concerned, 
and how very complicated the body of facts and principles soon becomes" (32), , 
The misunderstanding concerning the existence of a single unique method of 
science arises at least In part from the way In which research papers are written. 
P. Medawar In 1963 gave a broadcast^ talk enticed "Is the Scientific Paper a 
Fraud?** (33) At one point he says: 

"As to v/hat I mean by asking 'Is the scientific paper a fraud ?* - I do not of 
course mean 'does the scientific paper misrepresent fact3?', and I do not mean 
that the Interpretations you find In a scientific paper are wronger deliberately 
misleading. I mean the scientific paper may be a firaud because it misrepresents 
the processes of thought that accompanied or gav€^rise to the work that Is des- 
cribed In the paper. That Is the question, and I will say right away that my 
answer Is 'yes*. The scientific paper in its' orthodox iorni does^embody a totally 
mistaken conception, even a travesty, of the nature of scientific thought. "' 
R. Taton in his marvellously entertaining book "R^son and Chancq In Scientific 
*\DijBcoyery" (33) shows. quite clearly the role of Intuition, error; unconscious activities, 
^ chance and accidental observations In scientific discoveries. Such a book would 
surely make any physicist echo Professor Eric Roger's wordsi 

"'Po most of us who aie practicing scientists there is nq^ unique "scientific method'* 
.such as the Idealized scheme set forth by Sit F. Bacorr and still advocated 
by some philosophers. However, there are scientific methods - the ways in which 
we gather knowledge and build ^jj|[i}creasing -sense of Its Yalidfly"(34). 
There are certain aspects of these mShods which should b^ emphasized in our courses 
M. Boldrlnl'ln his book "Scientific Truth and Statistical Method" comments 'on 
how Galileo tells the stor^ of how the Babylonians cooked eggs by 'centrifugar 
actfon in swinging them rapfdly round In a sling. Galileo. Says that if In repeating 
an experiment we cannot get a result that someone else has got, then It must be 
because we are lacking jsomethlng that was the cause of the original successful ^ 
result. Now, he goesoX^we jdd not lack eggs, or slings, or strong men to swing 
them round or air for frictK^ and yet they do not cook, the only thing we lack Is 
being Babylonians, so that being Babylonians Is-^the cause of the 'cooking, ^nd 
*not the. friction of the air. 

This is a doubly historical story and it is a story that brings home an important truth 
for students - a single negative result is sufficient to belie a hypothesis while thou- 
sands of positive results a're not sufficient to demonstrate Its truth. 
Another feature of scientific methods that needs to be ipade^ explicitly to students 
is the danger (and it Is a very seductiv-e one) of extrapolation. The Babylonians 
di^ extrapolate most successfully in their astronomy. But it was successful only be- 
cause of the simplified ftotions that they were dealing with and the same methods 
did not work .at all well when It came to forecasting Jpcust plagues and $o on. But 
the' Babylonians bequeathed the tendency to extrapolate to their successors and 
the desire to extrapolate^as far as possible is a very huriinn tendency. If our students 
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^ look at what Boyle or Ohm actually did, they might be less inclined to believe that 

' Boyle's law or Ohm's lav/ are universally applicable in all circumstances. 
The whole of our courses should be gently leading to the gradi^ realisation by 
students (perhaps unconsciously) that physlcaktReory is neither a kind of xleductive 

. system (dBducl;ion proving that ^mething ^st be the case) fior a kind of inductive 
proce6rf^(ifrtiuction sllov/lng what actually Is operative) but rather an afeductive pro- 

• ces8;v'/hich merely suggests that something may be-the case. 

^ 7. Students should be made aware of certain persisting themes in physics 

It may come as a surprise to stydbnts v/hen they realise tha^ there are certain a 
pridri commitments which in some cases at least have persisted from early times 
in the development of ^physics. (35) 

Examples of sUch themes include symmetry, simplicity, the constancy of nature 
and conservation principles. We only have to think of the part played by cons^a- 
tion principles In the hypothesis of the neutrino to shov/ how such themes are built 
into the w^ay in yrhich physicists approach nature. 

•Consider briefly, Just one of these themes - synfmetry. It has played an Important 
pafrt in the developnfent of physics In ev^ era fron]^ Greek astronomj to fundamen*- 
tal particle physics. Some of the Ideas of symmetry are so deep root^sd that we may 
apply tb^m Without explicit reco'gnitfon. There ^atg, however, dangers that nefed to 
be* avoided In at)plying principles of Symmetry even .wh^n the application is a 
deliberate one. We must ensure that we are applyingrthe right kind of symmetry. 
One might perhaps illustrate this point for students by gentjty suggesting the use of 
symmetry considerations In the following two problems: •r^],^^ 
(I) A young m^n has two girl friends who lived in diapetrically opposite direct 
tions from his house. He was fortunate in being served by a bus'^oute Which passed 
in front of his home and both girl friends* home^. Buses Went in each diftctlon with 
the same regularity - one bus in each direction every ten minutes. >Jow he wa's 
equally fond of the two girls and so he decided to leave home at completely ran- 
dom times and catch the first bus that came along. Since the situation seemed 
"symmetrical", he argued, his plan would ensure that he saw each of them the 
same number of timed over a sufficiently long period. After following his plan faith 
fully daily ^er a year, however, he^^found that he h^d se€n one girl about four 
times aS'Oft^ as the other. What was wrong with the ''symmetry*' argument behind 
his plan?f ^ . , ' r- ' . <7 

(ii) In a rec^^t letter to the London newspaper,' Thi Times, it was argued that 
«ince there was^f kind of symmetry between datjss and days of the week tal^en over 
a long enough p^iod of time, then It was quite" impossible that the 13th day of a - 
month shoi^ld <5ccur more often on d given day of the week than on any other day ^ 
of the week. Yet in fact the 13th occurs more often on a Friday than. on any otfter" 
* day of the week! What is wropg with this "symmetry" argument? \ 
In f^ct, in each case the kind of symmetry argument applied has a flaw in it. ^ 
(T^e author of this paper would be pleased to supply solutions to these problems 
on request!) ' , 
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8.' Concluyion . ^ 

■ .. — • ' . -it 

There are, course, many other desirable attributes, aptitudes and attitudes which' 
ijeed to be de^veioped dufiag>ouf physics Courses and. which would perhaps be realised 
ia terms of the use #the htl^^^ and philosophy of physics. Space-Uirie, however, 
does not allow* further development in this papVr* Nevertheless, It is possible, to end 
hn an optimistic note in vjlew of some of %ie excellent new physicsi courses that arc 
now available. In this regard special mention must be made of PROJECT P^ySIGS. 
This course is to be thoroughly recommenced in every way , but in particular, as 
fa^ as the author Is concerned, because p accomplishes so much of what we have 
been .discussing in^this paper, (36) 
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Additional Notes 

(a) In.eonnection with Ref. 18 some interestW articles on Ouantum Physics may 
be found infixed Bastin (ed), Quantum Tfflwjgj^d Beyond. Cambridge? 
Cambridge University Press (1971). / • ^ ^ 

(b) With reference to Medawar's talk mentimied on page 10 of this paper, the 
talk is printed in "The Listener" 1 2th Septtrnber 1963 pp 377-378. Replhts 

^ of this paper of Medawar's ,are avilable on request from the author of thls^ 
paper. Attention may also be dfawn to two very interesting books writteti by 
Medawar: [ ^ 

P.B. Medawar, The Art of the Soluble. London! Methuen (1967). 
P.B. Medawar, Induction and Intuition lnScien|ific Thought. Methuen (1969). 



ERLC 



30 

29 




Discussidi^ 



tvlr. BAURMANN asked for clarification on fijicj jneaning of the terms "positive" 
and "negative analogies" which had been. usedin the paper, 
Mr/* jEBISGN replied that the term "analogy" is here used to describe certain 
propjsrtiea of a model, * ■' ^ 

^Positive*. analogies refe^ to those quaHties that the model posses^s in which it is . ^ 

: '"like the thing or process for which the model is being used. .Jieghtiye analogies 
reTer to'tho^e qualities in which ^he model Is unlike the thing or process for which 

^he model is being used. Negative analogies must always exist, of course, because 
If all connections between the raodel and the thing or process it described were 
positive, the mdde^ Simply be anotlic?r. exact exampl^of the tjiing or process. 
A third, kind, of analogy 13 the neutral-analogy which refers'to a quajity of the 
model where it is no^ yet known yhether the analogy Is positive or negative. 
It is in this are^ that scientific research is so often accomplished. 
Mr. BAURKiANN replied that he. wpuld pre/er to express the connectipns hetween 
the thing and. its model by some degree of ^jpail#rity , though this is not easy to 
manage either. . 
Mn MllLER pointed to the human aspects of scientific research. ' ■ 

The philosophy ofVcience and the personal attitudes of scientists ought to be made 
"clear to the minds of students. ^ * 
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Torsteln Harbo 

Curriculum thH^ - another look 



i; Introduction , ^ 

It ^pp^ars to me that our acciuaintance with the field curriculum theory will run 
thrpugh three stages (f we approach it from the outside. In the first stage, where^we 
<?;|p only get a superficial first impression^ we will be struelTby the great activity • 
which can'bc seen at t>ie present moment, by the last decade's Yigor-ous theorizing; 
and by the many bold attempts at tsri'nging rational clarity to ^ complicated 
matter. * ' 

In the second stage we become acquainted with the tasks and problems which in 
sofne way or other form the basis of the theoretical advances. We get to l<now a ' 
good many curriculum projects which have been developed since the middle of the 
1960's in the United States and Europe; indeed, all over the world. Projects, where 
[ the aint has been to renew the' content of instruction and the teaching methods: in 
mathematics, in the natural sciences, in the sodal studies, in languages, and in 
fieldf which cut across the traditional subject^boundaries. We also get jacquainted 
with the curricular tasks and problems which have arisen in quite a few European 
countries due to changes in the structures of the school systems. In countries -where 
the tradition is tenacious . and stubborn and the call for reform impatient, these 
problems can assume enormous dimensions. Confronted with all t^i^e very real 
curriculum problems our first enthusiasm for th^e somewhat free pUy with theoretical 
models decreases. Besides, we become aware that the originality of most of the 
models is not nearly as great as it appears at a first glance. The many apparently 
bold attempts at bringing rational Clarity to the curriculum questions are unmasked 
as pale imitations of one and the same model ih curriculum theory. Which model? 
The^model is not normally identified with a narn^ by its standard bearers, because 
it is regarded as the model. I prefer to call it the iheans-ends model. 
This model rests on the assumption that the pedagogical activity is first of all a 
goal-oriented activity. In any educational context one is first conCemed with 
deciding'the aims of the Objectives, and then with choosing the relevant means to 
.achieve the Qbjectives. A typical variant of this model has - within the English- 
Speaking tradition ^ been particularly well known for the last twenty yeats: '*the 
Tyler rationale-. - . ^ 

With the knowledge we have gained in the second stage, we try in the third and 
last stage to get to the bottom of the* curriculum questions. We concentrate once, 
again on the last decade's theorizing. But we do listen* not only to the powerful « 
choir: ^First you have to state the objectives'*, but also to clear single voices:* 
**Friend8, a cautionary note"{l). 

Besides,, we enlarge the time-spian. To limit ourselves to the years of the last few 
contributions does not give the right perspective. We should at least be informed 
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abqui whfat*ha$ takeb p}^ce tn.this century. Our field of orientation is' alsois-i^iJilaTged 
in another way. We follow the development within curriculum theory lin two diffe-^ 
lent 'countries. We choose the United Stiates fod Germany, As regiards practical and 
theoretical reform efforts in the educational field; both countriey have had a leading 
position for the last few generatioris, Duringtlils. somewhat more intimate acquain-* 
tance with currfCubm theories, we come up agiiinst quite a different yieW'of which 

. curriculum phenomena are central an^ essential. We discqver that in different quar- 
ters thqre fiaVe b^n considerable objections not only against single elements, in the 
nieans-/ends^ moddl, but also against the model as such. It^must be-admitted that » 
Very otten the alternatlYe^ to the me^ns-ends model hsve'nbt been ciearly formu- 
lated/as the criticism directed against it. But ther^ are a.ltei:nifives, , 
Tlie alternative views take as their starting point the fact that any educational situa-*- 

^fon contalns'.twobasic elepents: the pupil and the .content of inst^uct'ioii^ The cen- 
tral task in any form of curriculum planning is«thought to consist in establishing the 
right interaction between the pupil and this content. One may be In doubt about ' 
what io call this model, ^n American writer has suggested "educational encoun- . 
ter'*(2) and in Germany the term "Begegnung" is current In connection with curri- 
cuiunj and teaching, (3) Provided 4hat the existeiitialist undertone dOes notbecomfe 
too strong,^ I cannot find any. better tiame for the phenomenon of which we are 
speaking here than "educational encounter", I therefore choose to call this model 
the encounter niodeL ^ ' ' * j ^ 

This gradual acquaintance with curriculum theories lias led us toward! two -mb^els;-^ 
In this lecture I will give a closer description of the$e two models, FM, I will* try 
fo give a picture of -their development in the twentieth century. Secondly, I will ^ 
concentrate on Some characteristic^ features in both models. Furthermore, I will ask 
which are the models that consciously of unconsciously underlie the development of 
new curriculum projects.^ Time and. space force me to concentrate on projects with- 
in the natural sciences, 

■ 2 . The means-ends model ^n^ the encounter modeL An historical survey 

the United States curriculum theory grew up as a specialized field in the 
1920*3, (4J A central figure in this movement was Franklin Bobbitt of the University ^ 
of Chicago. According, to hiis vi^w it was not difficult to construct a curriculum: 

**The central theory is simple. Human life, however varied, *consis?s in its- per- 
formance of sjpecific activities. Education that prepares for life is gne that prepares 
definitely and adequately forthese specific actikties. However numerous and 
diverse they may bq for any social class, they can' be discovered. This nfequires 
that one^o out inta the world of affairs and discover the particulars of /^ich these 
affair^consist. These w^ill show the abilities, ,h^])its, appreciations. Iftiforms of 
knov/ledge that men need. These will be the oVjectives of the curriculurt^ They 
will be numerous, definite, and particuUrizedl "(5) . \ 
Bobhitt compared the curriculum maker with 4 "great engineer". He starts' off with 
^ survey of n^an's life, specii(ies the diffeiieirf activities, then identifies tke corres- 
^ponding skills, divides the skills into units^ wganizes these units into learning 
experiences, and finally arranges the experiences for the pupils, Bobbitt is parti- 
cularly preoccupied With the question of how ^educational objectives** r^re to be 
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formulated. Jn other works from the same period we also find the same belief in 
the importance of formulating objectives clearly and specjfically. 
By the early 1930*s, however, this movement had become a victim of its own . 
techniques. In this school^ the teachers got tired of all the highly specified objec- 
tives which they were unable to manage. In additign, both'a new view of the child 
- regarding it not as a complex machine, but as a growing organism - and a new. 
view of the ^chool^activities - regarding them not as means to remote future ends, 
but of •value and importance in themselves- had been established. John Dewey is 
a typical representative of this new view. To him the means-ends dimension is not 
fundamental in educational activity. It play/ a secondary role. The primary thing^ 
is. the activity. Ends arise and function within action: v . v 

•'They are not, as current theories too often imply, things lying beyond activity • 
at which the latter is directe^d. They are not strictly speaking ends or termini 
of action at all. They ^are terminals of deliberation, and so turning points 
In activit/-.(Q ' ^ 

To have an end or an aim U a characteristid feature of present activity. It helps 
'the activity to become unified and adjusted, when»otherwise it would be blind and 
disorderly. This gives the activity meaning where it otherwise would be mechahic.al. 
Ends ^ire means In the present activity. To be too preoccupied with future aims leads 
/he attention. away Jfom our resource* fn the presentsituation. . ^ 
/After the Second Worjd War tlie picture changes once more. Again rational curri- 
^lum construction becomes a popular activity. R. W.Typer and V. Henrick carried ' 
on the work of Bobbitt. Tyler, as we knoWi built his curriculum rationale - "Basic 
Principles of Curriculum and instruction", 1950 - around four majbr questions: 
. -1. What educational purpose should the school seek to attain? 

2. What educational experiences can be provided that are likely to attain 
these purposes? ' ^ ■ * i ' 

3. How can these educational experiences be effectively organized? 

4. How can we determine whether these purposes are being attained ?"(S? . - 
The questfons fall, as \vre see. whojly into ^he means-ends dimension. It is first a 
question of deciding purjjoses, stating objectives. Secondly of selecting and 
organizing the experiences necessary to attain the'se purposes. And finally of evalua- 
ting In relAtion>crthe starting point. R. W.Tyler's rationale for curriculum develop- 
ment can prpi^erly he said tC be the prototype of the means-ends model/ And it is 

. this model/Which irv ttii United Stdtes has dominated the curriculum, field for the 
last twenty year^. In a survey from 1969 J. I. Goodlad maintains that "... as far 
as the^najor questions to be answered in developing a curriculum are concerned, 
most the authors^n /the/ 1960 atld 1969 /curriculum Issues of the^Keview of 
Educational Research/ assume those set forth in 1950 by R.W. Tyler." (8) 
The great support for Tyler's rationale has undoubtedly severaLcauses. The model 
was well suited for the decade which produced teaching machines and programmed 
instruction. It was suitable for a decade which so eagerly wanted to givQ general 
importance to the demahd for precise teaching alms, preferably expressed in be- 
havioural teTms, and which formalized the procedure of finding and deducing alms 
and objectives. Tyler hiniself let educational objective have a dominating posi- 
tion in his scheTie. Educational objectives are* he says, "criteria by which 
materials are selected, content Is outlined, instructional procedures are developed 




tnd tests and cxamfnatlqns arfe prepared". (9) An intense preoccupation with educa- 
tional alms and objectives on different levels andwithin different domains, such as 
wc find tn th<J workjDf B.S.Blopm and his awociates for instanceOO). is therefore 
quite in accordance with the intention in Tyler'sjatibnale - and with any means- 
ends model for currlciiluni development, 

iPis characteristic that the criticism 'which at the end of the 1960's was levelled 
against this dominant mode of thought within curjriculum development Is first of all 
concerned with the question of rational alms and objectives. (11) Are ^educational 
ob|ectlyes, In behavioural terms, a help or a hindrance? When teachers start plan- 
nlii|;3cunlculum.guldcs> do they really start with over- all edueatlonal alms, then 
' passion to specifying school objectives, and then finally end up with Identifying 
behavioural objectives for specific subject-matter? Is such a formalized procedure 
applied in the successful curriculum reform projects which were planned and started 
In this period) Or Is this an approach which may be possible In a theoretical con- 
nection, but hardly probable In the world of reality? As late as 1969 one of the most . 
zealous spokesmen for educational objectives In behaVtoural terms had to admit that 
Tyler's "excellent monograph" ffom 195Q "failed to have any dramatic effect on the 
educational community" and that Bloom's taxonomy of educational objectives from 
195|hadsalcJ figures "surprisingly modest" In the first yeacs- after^t had been 
published. (12) We perceive a certain dissatisfaction even In LL Gpodlad'S survey 
mentioned above: "General theory and conceptualization In curriculum appear to 
have advanced very little during the last decade. "(13) And H. M. Kllebard vho 
belongs to tjic critical wing finds that "the twentieth anniversary of th^ publication 
of the Tyler rationale Is an appropriate time to reexamine and reevaluate some of 
its central features". According to his view, the T^yler epoch of curriculum Inquiry 
Is "long bverdue"i(14) 

But what is the alternative? It must te admitted that up to the present time no 
correspoiidlngly clear alternative Iws been formed. The recent array of criticism 
regarding the limitations of behavlmal objectives and the evaluatlqn practices 
related to such a concept, and a c^ffaln critical attitude toward Tyler's curriculum 
model In general, has, however,^lald the foundation for a new approach in currt- 
culjim theory. Against this background the contours of an alternative to the means- 
ends tnodel gradually seem to ^emerge. 

This ii first of all seen In quite a few authors who^go back to J. Dewey's cohtentloni 
^the primary thing Is the activity. H.M.KUebard, for instance, writes^hat this will 
[jean "that the starting point for a model of curriculum and Instruction Is not the 
statement of objectives but the activity (learning experience), and whatever objec- 
tives do appear will arise within that activity as a way of adding a new dlmens^lon * * 
to lt^"(15) J. B. Macdonald argues In, a similar way. Our objectives are^only known 
to us In any complete sense, after the completion of our act of Instruction. Educa- , 
tlonal objectives function as "heuristic devices. " They Initiate the first teaching 
sequences^ but are changed In the flow of Instruction. "In the final analysis. It 
-could be argued, the teacher In activity asks a fundamentally Afferent question 
from ^What am I trying to accomplish?". The teacher asks, "What am 1 going to 
do?" and out of the dolng^ comes accomplishment. "(1 6) If we say that the means- 
ends model sftes^es the "endings" , then the alternative model focuses on the ^ 
"beginnings". Instead of focussing on the result of performance our attention Is 
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directed toward the starting conditions: are they such that the pupil will become • 
engaged in jwhat is worth becoming engaged in 7(1 7) 

* The contours of fhe- alternative model appear; secondly, in that characteristic 
ttalts about these starting conditions are brought to light. Quite a few writers have 
dwelt upon these conditions in recent years. (18) Here we will follow the mode of 
thought expressed by two of them. According to D. Huebner the current rgnc^p- 
tions of curriculum are inadequate. This inadequacyjt^ms from an overdependence 
^ upon a Conception of value as goals or objectives, and a consequent over-depen- 
dence upon learning. This inadequacy, Huebner argues, can be partially corrected 
by a conception of cuniculum as the design of an educative environment in whidh 
valued educational activity can occur. Thte alternative, then, stresses "educa- 
tional activity" as the cgptJuiLand most signtficant part of curriculum, and heavily 
emphasizes the "edj^^^ive enviro^eftt^Mg^^whlch this activity occurs^ The inter- 
action of thcse^ipmain factors takes placeT^cbner suggests,' mainly through ' 
"langu^ige, kunan encounter, and the encounter witb awesome world of the non- 
man- majkfj^ni^e task of the curriculum specialist is one of designing an educative 
environmi 

"To hvJl/i aft environment which structures educational activity means to select 
conteift/rom the \^hole, wide, wonderful world and to make it available for the 
studeim. So conceived, content is that which is available in the classroom fqr 
educational activity. This includes man-made 6biect$,2 aspects of the natural 
world grouped or organized in certain ways, symbol or slanguage systems,' and 
usages or social conventions. In fact, educational content .becomes a selection 
of man's culture, thus creating a limited culture for the student. But to keep the 
Image clear. It 'Is necessary to use culture the way TlUlch uses it. He reminds 
those who have been overcondltloned by tKiS behavioral scientist that the bio- 
logist uses it differently: "Culture, cultura Is that which takes care of something, 
keeps it alive, and makes It g^rbw"! The curriculum designer fabricates an educa- 
tional environment which takes <fare oY students, keeps them alive, and makes 
them grow. "(19) - ' ^ ^ 

E, W. Eisner approaches the new model for cuniculum theory through a penetrating 
criticism of tbe normal usage of educatlqnal'^objectlves. Elsnet distinguishes between 
"Instructional objectives" and "expres'slve objectives". Instructional objectives are 
used In what he calls "acpredictlve modid" of curriculum development. It Is a model 
In which objectives are^formulated and activities selected which are predicted to be 
useful In enabling children to attaln the specific behaviour embodied In the objec- 
tives. In our terminology, a means- opds-model. Expressive objectives differ cpn- 
slderably from Instructional objectives., An expressive objective does not specify the 
behaviour the student Is to acquire after having engaged in the learning activities. 
It does not state "endings". It statfes instead "beginnings" - to use some of our 
earlier formulations, f Isner puts It this way; 

"An expressive objective describes an educational encounter. It Identifies a 
^ situation in which children are to work, a problem with which they are to cope, 
a task in which they are to engage; but It does not specify what from that encoun- 
ter situation, problem, or task they are to learn. An expressive objective provides 
both the teacher and the student with an Invitation to explore, defer, or focus on 
iS9r&|k that are of peculiar Interest or Import to the Inqylrer. 
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. An e^ressivc objective is evocative rather than prescriptive. " ' 
"In the expressive context the teacher hopes to provide a situafl'On fn which 
metnings b6conf(^^]fersonalized and in which children produce products, both 
theoretical and qualitative, that are as diverse as themselves. Consequently the V 
- : cvaluatlvetask lA this situation is not one of applying a common standard to the 
products produced |n prder to repeal its uniqueness and.significance* "(2D) 
Eisner emphasizies that these two types of objectives - instructional and expressive ' 
require different kinds of curriculum activities and evaluation procedures, and^ach' 
one ofiherh'pust occupy a distinctive place in curriculum theory and dc^^elopment. 
But only Itf the former case does, h6 naipe the corresponding curriculum modei (the 
predictive model), it is;possibla that this due to a certain shift in Eisner's line of 
thought when he describes the latter. He starts to describe "an educational en- 
counter" when there are two factors: "children" on the one hand, and "\^ork", 
"problem", an(| "task" on the other. But he ends up with a $omewhat one-rsided 
emphasis on the activity of the children. ' 

The German reform movement In education took a somewhat different course than 
the corresponding moVemeytt in the UrUted States. By the! end of the 1920's the 
German movement was already in its final phase - a phase marked by searching 
reflection and self-criticism. The one-sided radical points of view from tlic time 
around thc^turn of the century and after were toned dbwn. Simultaneously the 
positive contributions of the reform movement, above all a greater understanding 
of the child', were defended and strengthened. As regards curriculum theory this 
self-criticism meant a break- away ttom both the technological means-ends model • 
..and the glQtificatioh of the spontaneous activity of the pupil. T.Litt's monograph 
"FUhrcn oder Wachsenlassen" from 1927 is in this connection central and characteris'- 
tlc. 

Lltt argues that in our century a technological way of thinking and acting'x first 
deciding the aims and then choosing the relevant means - has become so prevalent 

4|*4haf this interpretation is close at hand; that all human activity must be understood 
according to this scheme. But this technological way of thinking forgets that this 

Jjnode of thought, taken from man's dealings with dead things, cannot in a straight- 
forward manner be transferred to tho^ situations where we have to. do with inter- 
^ action beJ^een living human, beings. Tme enough, certain subordinate and limited 
funcdons'^San be understood according to a means- ends scheme. But the central and 
essential things in the educational process constitute such a comjSilex whole that a 
technological interpretation simply ,is not adequate. (21) 
\ But a reasoning ^long lines that concentrate on the spontaneous activity of the pupil* 
on his natural Interests, on his natvtal development, does not give.us a full answer 
either. Education implies something mote than maturation and development from 
within. The spontaneous activity does not give content and direction. Any genuine 
educational process springs from a polarity between the pupil -rthe learning^subject- 
and the arranged aspects of the world outside the pupil - the object. Educational 
activity is therefore to be understood as activity that provides contact between the 
pupil and world around him. Activity that brings about encounter between two 
equal factof5r("Bcgegnung zweler gleichberechtigter Gewalten"). (22) 
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This j«4f^w was developed in more detail by E. Weniger and W. FUtner. After the 
Second World War they continued this together With H.Roth, (237Xccording to Roth 
th.c 8e<:ret of education lies in providing a constructive encounter between 
Children ox youth ojn the one han^ and a sampl^f ou^ culture on the other. 

'J.. Gchcininis alles Untcrrichtens licgt in dcr HerbcifUhrutig einer frucht- 
baren iBcgcgnun^zwischen Kind oder JugendlJchenmind einem ausgcwahlten Aus-^ 
$C}initt der g^istig erkannten Oder gestalteten Weltf dem KuUurgut. Was auch die* 
LehxerpersOnlichkeit dazu beltragen mag, sie hat mf alle FUlle mit zwei Faktoren 
zu rech||en, ^tir^4ic lie sachlich gebunden ist; das lit das Kind und dds Ist der 
^egenstand. "(24) ' . / I , 

In education there is always talk about two factors: the pupil and the object J The 
teacher^s role consists in constructing an educational situation Vfhere these flctors 
meet on equal terms. A situation where the pupU is allowed to^bc a pupil with the 
traits typical for his age. A situation where the object can keep its own chai actet. 
Only then do we ^t a real educational encounter. ("origlnale Begegnung"). (25) 
E. Weniger characterizes encounter as the original phenomenon of the school ("das 
erzieherische UrphSlnomen der Schule"). 

"Wenn'V^rir von Begegnung sprechen, so meinen wir da mit erstens, dafi bei diesen 
VorgSngen der Zogling aktiv beteiligt ist, dafl er nicht ein passives Etwas lit, 
eln leeres GefiiB, in das die Erziehcr die Lehrgegcnstande, die Stoffe der BH^ 
dung.hineinfQUen, nicht ein unbeschriebenes Blatt, auf das die Erzieher ein- 
schreiben, was sie fUr notwendlg halten, keine Tafei; auf der etwas eingeritzt 
wird. Erzfehung ist kein einseitiges Tun derJErzieher, keln blosser Aufnahme- 
prozess durch den ZOgling, keine einfache Reproduktion der Welt im Kind. . . . 
Ferncr soil diesjjrTerminus etwas von dem.einfangen, was man als die Eben- 
bUrtigkeit der amMldungsvorgang betelligten Partner bezeichnen kOnnte. Der 
ZOglIng ist zwar bei dem Vorgang als ntindwgereiftcr der schwachere Tell, aber 
cr wird doch als voU gcnommen* man begegnct ihm auf einer genleinsamen ♦ 
Ebene. . . . Endllch Ist mit dem Wort Begegnung noch ein letztes Moment Im 
Erzlehungsvorgang getroffen, ... die Frcihelt des ZOglings, abzulehnen oder, 
anzunehmcn, was Ihm In der Begegnung entgegentritt. "(26) 
This tmrfles, first, an active participation on the part of the pupil In the instruc- 
tlonafTcScWng situation. When we speak 'of encounter the one factor, namely the 
sttfdcnt, cinW be passive. The pupil Is not conceived of as an empty tin whiph Is 
to be filled wltlTsubject- matter, pr as a sheet of paper on which the teacher can 
write. The term "encounter" implies, secondly, an equality betWeen the parties 
involved. True enough, the pupil is the weaker and immature part. But in the 
educational situation the world he is to meet - that is, the portion of history, the 
actual social )lfe, the culture and the nature - is designed in such a way that the 
can rnaster it. The term "encounter'* points, thirdly, towards tlje freedom of the 
pupil in the instructional situation. The pupil can' receive or he can refuse to re- 
ceive what he is meeting, or he can pass it by without being aware of any meeting. 
What the pupil will be learning at school therefore cannot be decided in detail 
beforehand. 

Tcregard the educational phetiomena from the point of view of encounter, and not^ 
from point of view of means- ends, seems to have been the norm in Germany right 
up to the 1950*s, It is characteristic that the well edited and highly up-to-date 
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'Tlidagogt^ches Lexlkon" from \dti does not contain any articles on educational 
alms and objectives (21elc), but only deajs with encounter (Begegnung). (27) 
In recent years the situation has ^hanged radically. Concepts other than those 
which spring from views on education as "Gelsteswissenschaft" have pushed for- 
*ward with great forcc^ As a consequence the means-ends model has been employed 
in the thcoriziiTg abo^t curriculum, and by some the model has been used as if It . 
were something bran J^new. (28) 

3. Means-ends versul encounter ' 

— ^ ■ T. ■ y 

The preceding sketch lias shown that the last 50 years' discussions within the field * 
of curriculum thcoiy cin be regarded as a match jjctwcen two basic models: 'the 
means*- ends model dnd'^he encounter model. The sketch has also shown that the 
concepts and models used in an educational context to a large extent have been , 
dominated by niOdes of thought inherent in that age. The educational phenomena 
seem thus as t mattcf of>.course to fall into the means-ends scheme in those periods 
when the thfnking is strongly influenced by the cailSe-effect model of the natural 
scientists a id by the decision models of technicians and the plan economists. The 
encounter model offers itself as the most reasonablesJnodel in periods when life, 
experier. .e, and activity ^je regarded as something^ore fundamental than just the 
mere id;as of life, ideas of experience, and ideas of activity. In periods when what 
is organically growing haaf?a stronger appeal than that which is technically designed 
and constructed, in periods when the future seems uncertain while the constellations 
of thtf present Jitand out asjthe only state of certainty. 

Perhaps the most decisive difference between the means- ends model and the en- 
counter model is that while iff the fdrm^r the rational element dominates, the 
empirical dominates in theUattei;. There, can be no doubt that the means-end? 
nodcl is carried forward by the assumption that the complex phenomena within 
^ he curriculum field can be rationally managed. Th^ development of programmed 
imtruction may in no small measure be said to have had such effects. Here the . 
alrhi.^ind objectives are clearly formulated4)eforehand, here one can choose bet- 
ween alternative mean$, ^ere the programme can be sold as a whole with the label 
"guaranteed leaming". As long as it is about learning of simple skills and acqui- 
^sition of limited information, the guarantee can be said to have a high degree of 
validity. The assumption that it is possible to achieve a rational view of, and 
control over the educational process should thus be confiJmed. 
The question is, however, whether thjls assumption can be confirmed when it comes 
\g more complex curriculuni projects and when learning stretches over a longer 
period of time. If the means-ends model is applied in these Cases, a self-contra- 
dictory element in the model clearly appears: the model includes predictions about 
<o the future. Aims and objectives are not rooted in the present. They belong to the 
•future and as such they do'not say anything about realities. Strictly. sj^^ing, thej^ 

only say something about hypothetical possilJilities. The further away ui time the 
^ goal is and the more complicated the situations are, the more clear becomes the 
element of uncertainty which isCalways tied up with the future. The paradoxic::! 
thing is, in other words, that the curriculunrrnodel which is motivated by the 
wish for rational educational plaiining, itself contains a clear irrational element. • 



39 



It i3 surprising that so many overlook this. Doiis that mean that pne regards the " 
educational phenomena, without being fully conscious on this point, as natural 
phenomena in a limited and closed system where one can control alt the variables 
and where time does not play any decisive role? If this is the case, then the urge 
for rational clarity must have lost contact with experience. ' 
if we keep ourselyes, strictly to the realities pf the educational situation, the 
encounter model lends itself almost naturally. Any edticational situation has two 
poles, the pupil and the contrived edue .tional environment. Any educational pro* 
cess can.be regarded as a dynamic proc z^, as a continuous interaction between 
these poles. And the result of any educa 'onal programme is marked by both the 
individuality of the pupil and the eleme s of the educational environment. The 
pupil and the educational environment a. realities we are faced with here and 
now. .None of these lie in a dfstant and unknown future. None of theili are abstrac- 
tions. They lie before us in very concrete forms. . We can nearly feel and touch . 
them. On the one hand the pupil with all the traits characteristic of his age, with 
his individuality, with his spontaneous activity, and with his engagement. Op the 
other hand the contrived educationa' environment. That is tasay, aspects of our 
natural world,> of our history, of our '.ocial life, of our culture and technique, of 
our common social forms; acarefoll* rranged selection of man's kn<iw|edge and 
style of life. , ) 

This polarity - the pupil and the r .national environment - can rj^htly be called 
the original phenomenon of the s\ .lool. 

It may seem that the teacher doe not fit in here at all. But the contrary is rather 
the case. The essential task of it teacher - to be both the^dvoc^t^bf the pupil 
and the representative of mat* * nnwledge ^nd style of life - is riiore strongly 
emphasised. . 

When what is empirically giver ^^'{ns the starting point, both the predictable and 
the unpredictable elements are t_Ken care of. The encounter model thus describes 
in a c|ear and^oncrete way the beginning of the educational process, but it does 
not dare to state the ending beforehand. The outcome of the educational situation 
is not a fact until the process has finished. Until then the outcome is something 
unpredictable. It must be admitted that some followers of the encounter ni^odel 
stress the situational and the ur predictable elements to such a degree that methisds 
and goal directedness ih the instructional situation, which the -model quite defini- 
tely implies, is overlooked. Tiiis has particularly be'en the case in Germany. Here 
the term "Begegnung" of* •'n t^kes on an existentialistic meaixing. The educational 
process is then split iip ititO a series of single situations, mo^t of them trivial, and 
only a few containing worthwhile elements. (29) If such a' limited interpretation of 
the t^m "encounter" is *sed ? a starting point, ^it is hardly very^ useful in an 
educational connection. The reason for this is that the solving^ of the many tasks 
in school demands tgo«] 'riented and sy^temaftic activity.^ In the work of E.*Weniger 
and H. Roth the term "Bvgegni ig" has therefore a much wider meaning. (30) And 
this Is undoubtedly i^lso * e case with the A meri can writers mentioned earlier. 
The encounter model f < :lude8 systematic and conscious activity because .the point 
of departure is not accio »ntal but arranged. This is seen very clearly, if we fix 
our glance, not at the nil, but at the other polepf the educational situation: 
the content and the en^i nm nt. At all times the content and the environment 



have been, more or li^s» ^rrange<{4n advance. This applies even in those cases 
when the essential thing hag been to take, care of the pupil's subjBctive feeling 
of developing freely and spo^itan^pusly ; I am thinking of Rousseau's educational 
thec^ry and sonije of the teaching froglrammes which have been launchjed -with the 
Jabel -learning by discovery". (31) ^. ^ ^ * 

The encounter mod^l includes a statement of aliins - if the term is taken to mean 
direction rather than a terminal point. The direction is decided byjhe starting 
conditions, lessons in. mathematics lead the pupils in a different direction than 
thc^*lessons in fqreign languages; those in history in a different ditectiori than those 
in the social sciences. The body of knowledge which the^^pupil acquires and the 
vray of thought to which he is introduced, is above all dependent on what kind t)f 
educljWonal content he meets. The aim or objective is, in other words, a rellHQ^^ 
2 of an^lnteraction process between the pupil and the qpntrived educational situa- 
tion. It must be a.dmitted'that under circumstances such as these, the goal will ' 
very often be verbalized 'in a rather loosi? fashion, and the terms used ^ If seen in 
isolation - may seem leather meaningless. One should not forgjet, however, that 
rkpparen^y empty katements of goals may rest on very concrete and firm empirical 
grounds: pupils of a certain age with approximately ^wisll defined capacity on the. 
one hand, and educational content of some kind or other on the other hand. One 
should also rem^lpber that in this case the content and methods used are not de- 
duced, from aims or objectives. The contrary is rather the case: theVims oil objec- 
tives are iriferred induc^fveiy. Thus they are only a reflection of a cOTtmliaated 
and concrete reality. Aims and objectives, then, have a different function in^the 
enOGiinter model than in the means- ends model. Much criticism has been produced 
because one could not make this distinction. (32) ' 

4. New curricula in science - which model? 

" : — ■ ■ — :r. — ' . 

'*It has been said of the new curricula in science, i ] mathematics, in social sciences, 
'Jind in the.ar^s that "these projects are important not only in their own right, but 
^Iso because they provide the necessary conditions for building the empirical foun- 
dations of the field of curriculum". (33) We will now turn to these projects and ask: 
Wiich curriculum model do they use? Has the development of a new curriculum 
followed the means-ends model, ha% the new curriculum been formed accocding 
to'R. Tyler's rationale or according to B.S. Bloom's tj^xonomy? Or has the develop- 
ment of a new curriculum - consciously or unconsciously ^ followed assumptions 
simtlar to those which we find in the encounter modi 1? 

On this occasion it is proper for me to limit myself to projiects in natural sciences. 
But ^low me to rpention Just briefly M.Beberman's project in mathematics first. 
Not bnly because it was a pioneer project, but because it jlllustrates in an e;fceptio- 
nally kXeai way the problem with which we are dealing hei^e. The project origina- 
ted, a's.w^ know, because there was a common dissatisfaction with the state of 
affairs;^ in this case with the teaching of mathematics t high school level. The 
trttmb^ir^ of the project were at the beginning much mt^re aw§re of what^ldnd of 
^mathenfiatics teaching they did not want than what kinc of teaching they were 
going t0:j.work out in the ^project. Gradually, however, ^e new efforts got direc- , 
tion, anf| finally two main principles crystallized. To '^-.gin with they functioned 



on a nonverbal level; but were. then lden<ified as 1) clear mjatheftiatiGal language . 
md 2) learning by discovery. (34) Thesjs^two itiain principles .deal as* we see with- • 
subject-matter ahd^upll activity. 

If ve look at the science projects genj^raily^. we'^will fairly^soon'^ee tftat in most of 
the projects something sirriilar is the'case.* Tbe projects have bej^ developed atorig 

lines ifnpjying that the pupils in in active ari^.engaging way shduW l?e introduced 
to tlfelJbdy of knowledge and the scientific, way of .thought, (35)/ In most of the pro- 
jects it;.does not look as if one has started with ar list of beKavi<;^ural objectives and . 
then r by way of deducing -^has found Suitable subject- matter/ a^d suitable forms 
of activity. There ^ie; however, as far as I can see, two4i«btatble exceptions. '^'Ifhe 
first is "Spience - A Process .. Approach" arid fee secoiid is "IPH Cuniculto n • 
Phy9ik\(36) ; - . , ' . ^ * , > 

Let us l?ave a closer look at the latter project. HoV has the project ^grojip be|ind ^ 
IPN Gorri'culum Physik worked? To- what' extent has'.thd gtoup succeedc.d in adhering 
to the means- ehds model which at a first' glapce secims^fo oonstitute^th^ proje<^^ 
way of attacI<>6.A'dmittedly, qu^ions such as these are iather difficult for an outr 
sider to answer. /Asre^ards this prpject, we~a^e fortunate enough -to have fairly 
Extensive stateniehts from the project group. The reform work, ^one of the project- 
members says, ran through different stages, one planning stage atid sevetal trial 
stages* The planning, stage ended with the project gro&p agreeing; on quite a few 
general principles which the ^wojrk was to follow (3 "Grupdsatze" ^nd 16 "Leit- - 
satze*'). These principles concemed the selection of the subject-matter, teaching 1 

' methods and^evaluatioh. We notice that this initial iplai^ning stage, which lasted 
fqr well over a year, did not result in a list of specifiedpfie^avioural objectives. » 
Sach specified behavioural objectives did not form th^basis of the first trial of ' 
instructional units in st'hoois either. And this was done on purpose, because during 

' the first trial televant educational objectives wereyto be^ discovered. 

^ ''Zur ersteh Erprobung (Vorerprobung).}iegen melst nur grob formulierte Plane 
vdr,' die ein Grobziel and einige mOgliche A}<tlvitaten - instiesondere Experi- 
men't'e - enthalten, Es werden also wahrend^e|r Planiingsarbeit bewussf noch' 
keine-operationalisierten Ziele und kein^ArbeitsbOgen und spnstige, den Un{er- 
Ticht genauer fixierende Materialien eran)eitet. Die Hauptaufeabe dieser ersten 
Erprobung ist die Entdeckung relevantejt Ziele im^^Unterricht. "(37) 
It is very characteristic that the specification ofeducational obljectives in ^ 
behavioural terms did riot precede, M followed the first trial stage, -and that this 
specification was not applied in a»^ool situation before the second stage. It'seems 
to me, then, that the'excellent work done by the IPN group actually has* followed 
a different, and in m^ opinion, a better procedure than their own curriculum theory 
would suggest. The IPN group has been content with stating very general aims to • 
begln.with. And pupil activity r 'pztrticularly experiments - has also preceded a 
detailed listin jg)f behavioural objectives. 

The result of tnis reform/ work (IPN Gurrijculum Physik, Didaktische^ Anleitungen) 
appears at a first ^ance to be moulded in a clear means-«nds form. Even the singl 
lesson is outwardlf built according to this schepe: 1) Educational objectives ih 
^behavioural terms. 2) Relevant boncepts.f 3) A detailed description of the leisson: 
experlrnents, demonstrations,- class discussion, group work, etc. 4) As a clear, 
invitation to evaluate the instruction in relation to the stated objectives the results 
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on the prcrtests attain*ed*tjp*the exp<*ri mental groups are indicated at the 
end. (38) Bm/ it seems to ^me 'that the means-ends scheme really is not conset 
quently carried .out in t4iis respect either. The extensive description of the 
lesson indtc4tes that* the subject-matted and the different kinds of pupil activity 
are more miportant than the specified objectives^ whiclr*are set up as a headinrg 
for every lesson. ' . ^ v. ; 



5. Coticl lesion 



For the )asi twenty years thffe^s hetn no 'lack of gootl suggestions as Ife -how 
curricqlurh should be constru£^u on the basis -of the means^ends rbpdel,^ l^uch 
effort, time* and riioney have beeii invested in order to find, formulattie and. 
specify educational objectives. From many quarters it has been poinVed*bUt 
that thi?s .procedure does, hot seem to. yield the expect^^ su6ces? as'*regatds the , 
actual w<uj< at school. Is there, then, ,itmethin^ wrong with the"^teachers and 
the schools? Many followers of the means- ends model are apparehtly« inclined to 
maintain just that. The teachers must \>e jre^educlated, they must learn to think in. 
taxondmic terrifts. ' ^ , ^ 

things Can, however, ;t)?' seen from a diffe'rent point of view. The means-ends' 
model doesi-aot give a/ full picture of the curriculurn p'henomena. Therefore di'ffi- 
qulties arise. My thesis is that the encounter model more often than^n<)t will be a 
better point of departure, if we* want to understand and master, curriculum problemsl' 
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Discussion 



Mr. BAEZ reports that he Was involved in the curriculum reform activities of PSSC* 
From hij experience a bt of the innovated work was done by people* who had no 
idea whaf the behavioural objective were; these idtas began to develop in the . ^ 
course of time. A pUot project of physics teaching, howevepr which UNESCO 
initiated in'South America in 1963, actually used both theUangiwi^e and the con- 
cepts of behavioural, objectives and sonie behavioural specialists w^re involved. 
Mr. DUIT asks for a more detailed discussion about the TPN Physics material. The 
. author states that the ohjedtiVes given In the IPN curriculum rtliijtertal mainly are ' 
reflections of what is going on in the lesson. T^ptojectivcs are predominantly 
formulated theoretically. The so-called "Stunc^jMrlauf'^'f teaching procedure of . • 
a certain lesson) is designed for the concrete activity; evidently it was not deduced 
from the educational objectives. The author feels that this actually used method is 
«betterjthan th^ theoxetical process of the IPN curriculum development. 
Mr. T:H0MS£N discusses what kind of teacher's guide will be a help for introducing 
a curriduluni. He reports from his first visit of the PSSC group. The teachers were 
very anxious about how far they had got. Nobody thought of omitting a chapter 
because of unimportance. Seemingly ^he PSSC group learnt^n the meantime, when 
one looks throi»gh the teacher's guides to the IPS project: they contribute to the* 
spirits of the course, and in addition, they "give a help to the experiments. He feels 
that the IPN physics sometimes constraints by giving top detailed teacher's guides, 
which the teachers suppose to have to follow exactly. ^ 
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Walter Jung 

A catalogue of aims proposed by vt)n Hentig and the objec^tives 
of physics t^ach i ng 



1. Reasons fbr talking about aims and objectives 

My-maln concern iyi this paper Is with alms and objectives. At present there are a 
very good reasons to speak about thi^ matter In thlsiage of ongoing reconstruction 
of our school sysiein, that may well be la phase with a- new trend of anti- 
Science. (1) ^ 

In^talklng abo^t alms and whys of teaching physics one always has to keep in mind 
>/hom one%^ants to convince. It Is rithet, easy to convince an audience of physicists 
that physics should be taught* It is more difficult to give reasons convinci|vg,an 
enquiring 'educationalist or educational pHllosoph^r, though he may grant that it is 
somehow necessary to learn some physics. ^ 
This is exactly my starting poin\^, I do not try to find reasons per se why to t^ach 
physics. I think it is rather unlikely that anybody may hit upon a reason unheard 
of so far. I discuss possible contributions of physics teaching within a given frame- 
work of aim$. 

In talking about this matter I intend (1) to introduce Into discussion lines ''of thought 
* and reasoning widespread Ih this country, and (2) to plead for a dialogue between 
two very different groups, the physicists on the one side, the educationalists (>n the 
other,/ As far as I can see, thejf do not like each other very much. Physicists have 
maiiy/cpmplaints about educationalists, who constantly arouse public interest by 
sugg^ive and dangerous ideas about the process of education and the organizatiofi 
of fieiiool systems. We should grant that thjls Is their busine;^s and should never For'* 
gerthat they have limilar complaints about scientists. 

^he dialogue I have tried to begin is not wholly a literary affair. Discussions (if 
this sort took place in a ^'tudy of the Ministry of Education of Nordrhein-Westfall^n, 
that was concerned with framing guidelines for currlcular-developments In conjipre- 
tensive schools of this state. And there was a political decision that v. Hcfntig'S 
alms shquld be the starting of the guidelines. Th\is my discussion centers ^p^und 
the key word of "contribution*'. I think it is important to find out in.what fields, 
physics teaching is able' to contribute much, and where we are weak. \ 
Furthermore, we should stop discussing these questions solely within our own group, 
the physicists. Prof. Karplus has published a very interesting book, a collection 
of articles, entitled "Physics and Man"(2). One of the papers discusses reasons for 
the turning of niind of the pul5lic against science. (3) We cannot op^se these, 
tendencies if we do not le^ Qur ivory tower, listen td pther points of view, a^imi- 
late them and get qualified for ^ discus^dii witb^n a much more comprehensive 
group than physiclsfe and even physics teachers are. /This may. suffice to enlighten 
the background of my paper, at least to some mei^ure. , ' 
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The first partJs megnt to linl< the discussion of aims and objectives to -the process 
of implemj^tion. My main point is the role of the teacher in i^ovation. I think 
it is quite essential that the classroom teacher is convinced^ about the aims and 
the philosophy of the new curriculum.* and well-informed about the Ifnks^b^tw^feTT" 
this philbsophjrand the objectives. And to my mind this should not be done by 
subjecting him to ajuassive bombardment by statements pyrpo^ly' constructed' by 
the curriculum development staff. I feel a certain disparity between constructing 
nationwide curricula and securing a proper share of the teachers in .shaping the 
cuniculum. .■ " ^ _ ■ ■■ ^ 

My tentative conclusion would be to reject all curricula that are too tight in struc- 
ture, in sequencing.^and objective^. I would prefer curricula that display^opportqni- 
ties for the teacher to make creative use of materials offered. As an example in 
the elementary level I should like to menjion the English Science 5/13 ProjectT : 
Also the work of Dr. Thomsen as reported in' this conference seems to me in line 
with my ideas. , ^ „ \ • 

Of course, one may raise the question of teacher qualifications. Offering perfectly 

.organized and scheduled curriculum hardware and software may^ring about better 
instruction in some respect$, bilt scarely will it i^nprove the qualification of the 

"teachers. This can only be done by participating in. curriculum developnfient. What 
girls and boys need, and haye a right to be supplied with, is qualified teacl^iers, 
and not "instructioTial personner,' 

2. ^ Implementation and decision on aims ' ' ' . , 

< ' • 

The last decade has seen b rising tide of curriculum development and correspon- 
dingly many processes of installation in schools. 

Many papers describe the impleh^ntati<w process asleen by jhe 'curriculum der~ 
velopment staff or by engaged teachers. But on the whol6 Ve are lacking scientific 
--mKiies-of^imple^enmion-processes^ that may^rm' a basb^of-a^theorfera i scl ienigi':: 
to guide further imple mentation processes as a t her ape utie.iiJid4ia^os(Tc"ae vice • 
saving time and energy. One ^tsjheirapresston tTTat every team has to meet all » 
the problems anew iinguided by the experiences of other teams, 
G. W. Bassett (4) has given a rather detailed comparison of the different strategies 
of innovation in the Unit^kl States and in England; with the ertiphasis on central 
agencies in the States, and the emphasis on the local group in England. His chap- 
ter "Factors Influencing Change;VlLsls~niaiiy im and-4nate-^ome^ - 



-crucial points concerning innovation.^ne of the most vital remarks refers to the 
ro!e"of tlie cl^sV^toom teacher, He-^ays^ "Confronted wilh such a cloud-of witnes- 
ses, there is a dan^a»r that the teacher Will lose some confidentie in his own pro/ 
fessianal skill, and adopt uncritically^^e^atious-SGlieFnel^^^'f^^ 
The mere fallowing of educational fads is a travesty of any real expertise, /nd a 
denial of professional freedom. It is important that this danger of a servile irttitude 
on thtt, part of the teacher should actively combated . . . One obvious way /o do this 
is to secure the. participation of teachers in their own schools , . . Didactic courses 
which simply tell the teacher what bifgy to be done are usually unsuccessful in 
achieving any effective change. . . Without a well- understood body of npnciples 
to guide them they will be pverwhelmed by the flood of materialsiand the 
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Innovative iteps presented by the production of these materials will be self- 
dcfettlngl" (6) 

There are other signs that the role of the teacher is recognized a vital one In 
the USA 3 too, e, g/ln a paper by R. J. Merrill and t). P. Butts (6) and Ivmiy refer 
also to the >rcll-l<nown attack of M. Atkin upon planning strategies that seems to 
be borrowed from the Industrial construction techniques for materials with pre- 
designed properties.- One of Merrill and Butts* tenets seems to be In disagreement 
with the spirit of Bassett's remarksi They write: "Science teachers will and should ^ 
become less autonomous that ihty typically are now In making decisions about what 
fo teach, when, and bowI^CS) But this 1$ onl)[ the consequence of a more careful 
consideration of the network of decision- mak'lfig processes which Is Implicit In 
BassetKs approacSi, too. He has a useful chaptfer on "The Nature of Educational ■ 
Objectives" In which he discusses sources of conflict and embarrassment on the 
part of the teacher hy unducly mixing levels of objectives. 
I may be allowed to extend this line of reasonlngloward a theory of levels of 
decision - m*^^ng 1" the Innovative process. . » * * * * 

What shpuldbc better understood Is that teachers, and other Jjeople such as subject 
matter oriented institutions, parents, political bodies and so forth,, play different 
roles within the decision making process at different levels. Thus It seems to me 
to be a perversion of the democratic doctrine to hold that the Individual Child * 
s^^uld decide upon the alms of education or the content of the curriculum, just 
ajf It would be Iqajpproprlatc for the Individual teacher to think Mmself competent 
to decide upon these matters. We should carefully analyse the different qualities 
of participation In the decision making processes In different levels and types of 
objectivism Thls^ Implies a doctrine of the defining characteristl<ts of the teaching 
profession besides other things.* And It may be that Merrill and filutts hold some- 
what diffetent definitions compared with Bassett's. But both str^i^ the fact that the 
teacher Is r^ponslb^e mainly^for adapting to the needs of the individual child and 
decisions regarding the {h6ii\^uz\ child. Bassett more than MerHll and Butts seems 
to be aware of the active rol4' of the teacher In the development process. In partici- 
pating in the goal seeking an|l decision making process, though he has developed no 
explicit theory of these diffcijent roles In different levels and of the different quail-, 
tics of participation of diversd groups. And this seems to me a/desldcratum of an 
effective strategy of lnnovatl|n and implementation. Otherwi^there Is danger - 
that implementation Is seen viithin the categories of successful business and sales , 
politics. But Implementation is primarily not a problem pf selling a good for con- 
sumption, It Is a problem of shaping the future of lots of peq/ple In a virtually 
decisive way. Just as the development strategy of productlo^ with prescribed 
qualities Is oversimplified, so the strategy of sales talk and;'adyertisement is 
mistaken. / ' 

Bassett discriminates between the societal or phijosophlcal/level, followed by the 
strategic or systems level, anJifendIng with the tactical or/instructional level. (9) 
He seems to me right In his o1)servatIon that teachers are confused by extensive 
discussions of aims that arc dlifflcult to relate to their daily business of class-room 
teaching. But he underestlmai es In this opening chapter the Importance of an 
effective participation of teachers In this alms seeking process. Teachers as any- 
body else have a right to participate in shaping the goals that are essentially poll-, 
tical In nature. / 
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But so shaping the goals Is not a profeadonal jjompetence with teachers, It Is their 
competence a? citl'Zens, Certainly the li^qher has something special to contribute 
to the formation of aims; he may be in ^better position than other people to know 
the "boundary conditions" in the langu^e of the theoretical physicist. He has art 
expert opinion on the possibilities of realizing aims and he may possess more power 
to ihterprete the philosophical statements and the policy declarations of political 
bodies in terms of realities. ' 
Nevertheless, there is some danger in this expertness insofar as it relies exclusively 
upon so-called expeJience; and there is some truth in the saying that twenty years' 
experience^ may be simply twenty years* mistakes repeated. Thus a more complex 
pattern of interrelationships emerges. The competence of deciding upon aims 
resides with the political bodies. But their wisdom is derived from other groups 
with special competence in goal seeking in exploring different alternatives, in 
investigating the implications of different aims. And in this process teachers can 
and should take an important part. 

3. Knowledge of objectives as a variable in implementation 

We know from otjier sources that knowledge of objectives is a variable in the Imple- 
mentation process. The Eastern Regional Institution for Education (ERIE). Syracuse, 
has made available reports on the installation of process-oriented curricula In » 
elementary, schools. (10) Some of their observations may be specific to the grade 
level of the program. But my experience with the realization of new directions In 
High Schools I could gather some years ago is in rather good agreement with mosf ^ 
of their points.- 1 pick oyt the question of aims because it seems to me largely 
neglected In the implementation process. 

The first tiling you have to do Ip implementing a new prograrh is to convince* 
teachers thatifris needed. And that means you have to convince teachers of two 
points, first Ahat their present teaching does not live up to certain goals, and 
second, tljift these goals are worthwile. Also the igiurriculum designer should take 
the opp8rtunity to test the adequacy of his goals by carefully discussing them with , 
the teachers. One of the ERIE papers states: "These observations could reflect lack 
of evaluation criteria, failure to examine and discuss disseminated goals or lack 
of understanding of goals on the part of the teachers". (11) 
And later on: "Thercseems to be a tendency to accept loose, rather ambiguous 
instructional goals with disfavour and to also react negatively to specific mea- 
surable goals. . . There were, however, twice as many requests for more specific 
qualitative goals: .. "(12). ^ • ' 

One gets the impression that these teachers neither know the broad aims sufficiently 
well to be able to judge class room achievement intuitively in terms of these goals, 
nor did they understand the relationship between quantitative measures with the goals. 
In both respects there is lack of competence in handling goals. But if we expect 
more than a short lived success we should have teachers that are well versed in the 
■philosophy of the curriculum, of its essential agreement with the needs of the era. 
and with the relation between broad aims and specific aims to be realized in theifi^ 
class-room work. ^ 
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At present we observe the creatiop of a new philosophy every decade or even every 
year. Each curriculum team tries its hand irrforming a new brand of gba'ls. May be 
thjs is a consequence of the sales talk tactics mentfoned above. What we need is a 
substantial agreement about goals to be reached by schools and ^ rich supply of 
different approaches to realize these goals. Also the goals should be well under- 
stood by the teachers. We have some partial agreements between different schools 
•of educational thought, but to my mind there' is lack of substantial agreement. 
This state of affairs may be responsible for the observable weakness of teacher? 
and schools to ylejd to educational fads. 

. Without convfction concerning basic issues there is no educational efficiency* 
And to my mind one of the dangers of the present situation is exactly this lack of 
convldlion pn the part of teachers. Thqs one of the essential points in implemen- 
tation is goal seeking and goal- formation, and supplying links between 'broad aims 
"and special objectives and measures pertaining to the curriculum tb be implemented. 
The basic task of implementing a curriculum is the implementation of a philosophy 
and an attitude on the, part of the teacher. Now, as Whitehead onee remarked, 
"mathematics must be studied - phitosophy should be discussed^C^S). Kj^ipurpose 
is to contribute to this discussion. First I ^hall give a catalogue of aims proposed 

• by v.Hentlg'in an Influential policy statement of the Deutsche Bildungsrat (14) 
and then-enquire into its meaning in terr^is of physics teaching. ( 

4. v|on Hentig's alms -f \ 

" ^ C]ondition3 Of living relevant for decisipng on alms ' ^\ 

Von Hentlg's catalogue of aims is founded upon an analysis of the conditions of 
living in the present day Industrial societies. What are the qulalifications essential . 
for an individual to cope with these conditions? VohHentig notes the following con- 
ditions given here with slight changes of order and point of vl^. 

1, We are living within a world of increasing pace of Changcj(15). 

2, We are living*Vithin a world of specialized competence. (16) 

3, We are living in a world that is more and more dominated by science and 
technology. (1 7) 

4, We live in a world in which voc^itions need theory and pjactlcal Abilities. (18) 

5, We are living adftiidst an overwhelming wealth of means^d ends. (19) 
• 6. We are living in a democratic world requiring public virtues. (20) 

7. We are living in a secularized world. (21) 

8. We are' living in one world that is a system interdependent parts. (2^) 
Von Hentig has made some other points that seem to me to belong to another 
category, e. g. living with one's ijody or with the 'arts. (23) These are by no means * 
new condifldns. though living in the mol&ern world may lead to new means in 
coping with them. Thus this eight conditions may suffice for my purposes. To my 
mind they constitute a rather adequate catalo^e of factors relevant to the develop- 
ment of new science curricula. This catalogue is not to be entirely new or drama- 
tic. NevefOTeless. it may prove to be a reasonably ^afe starting ^und for the pro- 
cess of convincing teachers^that curricular changes are needed, and that these - 
specific changes are needed. I do not mean to imply that particular changes c^n 
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. be deduced in a straightforward fashion fronni these conditions. But ! do not .ouch 
upon this deduction problem in this papgT^ 

I shoul^ like to offer some suggestions (24) as to the educational implicaU^s 
V. Hentlg has noted. His aims are not meant to be behavioral objectivc^hey are 
a sort of Icitwotif for curriculum construction. (25) Also I add some mildly critical 
remark^ to some of the aims. 

' EduCdiional implication 

1. From the first condition v.Hentig concludes: The student shjSftftl know the 
processes of change characteristic of our time and get the impression tl?at there is 
a chance to influencing these processes. He stresses innovative powers of indivi 
duals and the concept of learning set. * \^ 

2. From the second condition v.Hentig derives the conclusion, first, that the 
* ^school should no longer aim at a liberal education held apart from specialization, 

and second, that there should be opportunities for the specialist(,to see his special 
competence as an element within a more comprehensive whole. The specialist 
shouW be able" and willing to communicate with the less specialized members of 
the groupi^ " J 

3. Salcncc and technology do not entail by themselves freedom from superstition. 
Scicntmc knowledge used unscientifically may become a means of irrational 
opinionjand action. Thus, school learning should impart scientific attitudes, pro- 
cesses Jfand knowledge of t^e inherent limits of the scientific method. (26) In this 
there is really nothing new. But v. Hentig also notes the need for fostering diver- 
gent, and creative thinking within the scientific field. 

Now. in the history of science wc observe a subtle balance between the conserva- - 
tive and the Innovator. Conservatism derives from the fact that science settles 
Issues. And innovation comes in because new problems ariap a^d the settled facts 
take on a new meaning within a new setting.* The obstinacy o^the conservative 
scientist ^s necessary ip the process of evolution of scicntlbftc fact and theory. It is 
necessary both for reasons of economy and survival of the fittest: Without the stub- 
bom opposition of the^scientific orthodoxy we could never fe^l the triumph of the 
new. Science is not art where purely private valuations constantly cry for novelty 
which is self-defeating. Thus this fashionable question of creativity is a delicate 
one. and v. Hentig realizes the need for disciplining the creative impulse of the 
individual within a group. 

4. Here v. Hentig auns at a synthesis Of theory and practical competencies. 
Theory should not be taken as something in an for itself but as a guide to actlort 
and reconstruction. Also the student! should gain insight into different professional 
fields so that he is prepared to make a rational choice and can see his profession 
within the context of school learning and within the wider context of the func- 
tioning of society generally. 

5. Within a wprid that offers a wealth of means and ends the student should learn 
to choose by his own and to be critical toward his aims. He has to learn the import 

^ of Utopian conceptions and also the margin of free play jwithin a situation. More- 
*over he should gain tolerance and critical attitude alike|toward other people's 



aims. 
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Von Hentig thinb that art as qpposed to science is the proper fl'^iH fnr pvpiorfng 
possibilities, In this opposition I have some doubt« Science by exploring what he 
calls reality also explores whatt is possible, In fact, these are only two different 
taints of view of the same thihg. In the beginnings of modern science we find many 
80l'*ment8 concerning the pd\ier of science to bestow freedom and wealth upon 
man. ^f) Science structures the space of possible actions and thus defines with 
utmost , *<*ci5ion what v. Hentig calls the margin of free play within a situation. 
Thus we St.. td notyccept thi^ point Ui our teaching of science; Science requires 
the free play of the imagination just as art does. The difference must be sought 
in the different rules ^eriffqation in the respective fields. 

6. Students should come lu **-^v their own interests and ftnd means for defendfng 
them'. Von Hentig Coins the tjerm "public curiosity" for eagerness of the citizen to 
ask the expert questions, to pless him for understandable accounts of current issues* 
The. student should also have.|iad experience j[n processes of group dynamics arid - 
social psychology, (28) . • - 

7. Von Hentig pleads for a Continuous transformation of magical and mythical 
ways of thinking into rational forms of thought. The student should find that his 
own irrationality is respectecf as an important fact, especially in religion. 

8. Living in one world entails learning at least one foreign language and he 
strongly pleads for English. 7he student should learn to see his own custom and 
culture as a foreign one, at'a par with so many other divergent styles of living 
and thinking. He should hs^^e some insight into the problert&s of general semantics 
and acquire skills in appMng these principles to statement in the newspaper, in* 
broadcasts, and in televis^. 

%^ . ' . . , 

6, Contributions of physics^t caching to v. Hen'tig's aims 

Comparison with modern trends Lflnsc/ence curriculum 
development > 

Von Hentig's description of conditions is one thing, the aims he deduces therefrom 
is another one. Generally speaking his aims are not very far from traditional 
humanistic ideals. This is not meant to be a' criticism. He acknowledges the deci- 
sive role of science and technology in present ^d^y life and clearly , sees the Impor- . 
tance of practical. activities: There is no detachjnent of theory from the affairs of ' 
daily life. Thus he tries to^avoid the pitfalls of the traditional concept. On the 
whole I agree with his aims. But my main concern is with physics teaching whilst 
V. Hentig speaks as a general educator. Thus I am asking the question: What can 
physics teaching contribute to these aims? There are those questionirig teaching 
separate subjects altogether. But this is ^ different issue that needs separate discus- 
sion. I start from the fact that physics is a well-established and important discipline 
that is studied by teachers prepared to teach physics at school. In case we should . 
come to the conclusion that a subject like physics cannot effectively contribute to 
these broad aims, then we have to go a step further and enquire into other forms 
of organizing school learning around science. But this is not my point in this 
paper. 

Broad aims like v. Hentlg's stress the need for new principles of subject matter 
choice and for new ways of treatment. The "alphabetic" curricula in USA 
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exemplify thlj point. There Is a s Ift from content tS'process, and another shift 
from details to conceptual scher 1 1, Of course, this Is not unprecedented in this 
country. Shortly after World .W a; ! we observed in Germany a strong movement 
of reform In science teaching th^t ilmed Exactly at what later on became knowrf- 
as the 'structure of the discipline . Especially in physics teaching M. Wagenschein 
^ developed his "principle of parad inatlc teaching' meant to solve the probjiem set 
by the^apldly growfng subject ma er knowledge by selecting a few paradlgmata 
of physics and working them out very thoroughly. (29) Somewhat paradoxically we 
could speak o^ a "case history method without history". By a thorough study of 
paradigmatic cases the student was to learn the methods of physl<;s and science 
generally. Also he should learn to see thpse methods as a special knd limited way 
to Jinteract with nature. ^ * ' ^ . ' 

Today these tenets are commonplace with most curriculum advertlslngv^peclallsts; 
once they arose bitter controversies In this country. To my mind It can now be 
-\8een that this controversy resulted from Wagenscheln's underlying romantic phllO- 
SQphy more thanfrom the overtly stated principles of 'paradigmatic teachiog' . v 
There are two essential differences between Wagenscheln's approach arid that^of 
the new curricula. First, scle'ntlflCjniethod has been analysed Irvto a \eTy detailed 
and ramified system of skills ("processes!') that are trained rather formaliy'aifd 
partly also rather detached from subject\natter content, a procedure of which I 
do not approve. (3Q)> And second, though the paradigmatic character pLpontent Is 
stressed now. the level has been shifted from cases to conceptual schemes. 
This latter difference Is important. Traditional physics teachers always critized 
Wagenscheln's failure to do justice to the system's character pf^hysics. Conceptual 
sciiemes are unifying theoreti/Cal elements and thus physics teachers may be better 
prepared to accept this approach as a synthesis of the principle of "paradigmatic 
teaching wi.thMhe systems aspect of physics. 

Finding out reasons for 0]|posltiop to currlcular changes Is one task of Implemen- 
tation planning. We have to take account of two very different classes of teachers, 
the one subject matter <3iri^nted, the other oriented toward broad alms. It Is the first 
class that Is to be expected to opposing changes like those Wagenschein or v. Henti.g 
propose. They feel that physics teaching serves broad alms anyway and th^ey fear a 
gradual decline of trie standards of subject matter teaching. Their first point seems 
to be mistaken, and a discussion of broad alms along the line of v. Hentig's is very , 
important to them, because they have to be convinced of the need to change their ' 
styles and aims In physics teaching. Thus I should like to offer ^ortie hints as to 
the contribution of physics teaching to these broad alms preparing discussion with 
' this group of teachers, and partly deriving from such' discussions. 

Discussion of specific points . > 



ERIC 



Ad 1. The student should acquire the ability to adapt to scientific change. That 
implies teaching in an undogmatic way. I cannot see much difference between 
teaching facts dogmaticaUy and teaching coRceptual schemes dogmaticfally. On 
the contrary, history seems to show that it is much more difficult to abandon a 
scheme than a suppo'sed^fj^t. There se^s to jne pnly one way.,ojut of the diffi- 
culty: Incorporating the history of physics veiy strongly » Knowing that sc|iemes ^ 
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develoiJ, according to Th. S. Kuhn not at all In an algorithn:)ic fajshion, the 
student should be prepared foi^ changes In conceptual schemes, too. Allso he should 
.have opportunity to speculate upon tlie v/ay the schemes may cfiange in»the 
future. (33). g ) 

One example Is atom|^rft-. Since th/e revival of Greel< atomism in the li6th century , 
W^note a TemarUablcArarisformation of the scheme still going on. It takes on new 
aspects' in elementary; partf^ple ptvysics. On the one side we observe research that 
hopes to find out stllirmpr^ elementary" partfcles building up the prejently known 
ones such as the protdn or£ie neutron. On the other hand we can disce-n quite 
another scheme, thai' of dilterent farjns of a substrate reminding of Ariiitoteles or 
even Platojs Timaios; Also a particle such a^ a photon is no longer a particle IVi 
the sense of'classicaii' mechanics. , 
This is. of course, cbmmon knowledge with the curriculum inventors: 3nly, I can 
see no meaning in t^ching the latest development without teaching th i ability to. 
foUojw up further changes. At least, the student should be aware of the fact that 
he dirfnot learn a fi.lsal truth. Nobody wants to teach conceptual schemes as firyal 
truth, I suspect. But'^this is not my point: What is the "meta-lesson"(34] students 
take away? That m^V be quite aPnother story. A&^8?r as I can see there i; only the; 
Harvard Project Physics that meets these requirements. Of. course, there are/diffi- 
culties In thus relatiyizing the subject matter taught, especiaVy with the very . 
young child. -But whaiiever the difficulties, in coping with thelncreasin;? pace ol 
change we have to a€apt the student to the pace, but we also nave to gj;>e him 
knowledge of contint^ty amid change. This, too. can be donepy an historical 
approach. ^ i » 

Ad 2. Modern science is a paradigma of specialization, of its virtues and vices. 
Thus there should be ^fto difficulty for physics teaching to contribute to the aims 
in this category. Modern physics teaching should foster indii^idual Interests, parti- 
cipati^on in projects, and discussions of participants with ea'ch other* and within 
more comprehensive ^oups such as a class, giving opportunity for the specialist 
in a field to express himself, and giving opportunity ifor the nonspecialist to 
questioning the specialist. * , 

Ad 3. ^. As far as physics teaching is concerned this point merges with the first one. 
Science and techncrlogy are among other forces responsible for the grovTTng pace of 
change not only of kno^wledge but of the conditions of living. By studying physics 
under this aspect the student' may become acquainted with science as a model for 
rational coping -with cl\ange. (35) This model has three aspects. First, scientific 
knowledge gives foresight and power to planning. Second, scientific method is a 
way to deal rationally With data. Third, scientific research is a method of con- 
trolling changes within Science. Out teaching shduld point to the model character 
and ask for possible transfer. 

But we should also discuss the limits of this model. E. g, t^^ere may be human affairs 
that must not be treated-scientifically. j} 

At le^t this is the poinf^of view of the more sensible part of mankind/Verifying 
, scientifically that one's'husbapd is faithful may mean the destruction of just that 
faithfulness and confidejice. This sort of happening is now wholly alien to the 
thl^Jking of modern physics. The- mfeasuriQg process interacts with what is under 
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observation. Thus, imparting uncritical faith in some ommpotency of science may 
well help in transforming this world4o more inhumane conditions! Of course, thl|. 
is a vdlue judgement. But. after all. the exercise of juclgement was exactly the , ^ 
thing to be" expected from an educated human being. ' 

*^ji6 4. In physics the interaction of theory and particle is manifest. But this is not. 
always true of ^liysics teaching. Moreover, seeing the interaction of theory wUh . 

/ ' action in physics is quite another master than seeing physics a.s a guide to solving 
problems for a A individual stiidcint; Most of his" real problems are no physical science 
problems. It i^unknown what proportion of tlie populatio;i puts physics to use. I 
have no solution to this difficulty. . ^ 

Physics teaeming should aim' at imparting a realistic picture of a physicist. The 
time is rapidly vanishing that saw in the physitist a s0rt of mpdern hero or priest; ~ 
We always should- try to resist the swing of-tiie pendulum thus increasing damping 
factors. We. should show students that physics cannot be eqjiat^d with the girjcat 
discovery. Science is a piecemeal affair, and the daily routine of a physicist may 
be rather unattractive ^o young people. They should know, the difference betweeh ' 
big science «uui little •science parallel to the difference between handicraft and niass 
production. A modern institute of physics i|5 a sort of fa^ctory for knowledge with 
exacting plans fpr production. On the other harid^wfe should oppose tendencies Jo 
despise science as the prie agent responsible, for all evijsof the day. * 
A cbmpeteat reviewer noted the following concerning vocational education; 'In 
view of j^ssible revisions of curricula, . it is felt by the author that educators at 
vocational- technical institutions should thinl< primadl^r of providing generalized - 
basic courses rather than specialized subjects vHith currently fashionable names 4nd 
content.Teaching more courses in mathematics and physical science for instance 
will have'to serve the need of technological change's.. . More than 90% of the 
respondents ex pressed iheir strong feeling that technical education - including the 
training of highly specialized technicians - should focus on establishing a broad 
intellectual foundation. . . "(36) Thus he advocates teaching basic 'Structures in 
physics,, nqt-for specialized needs, but for the best way to be prepared for changing 
n'eeds. The point is that the pupi} should knov/ that physics may^prepare him to face 
change intelligently. Because the nature of the changes is inforseeable this cannot 
be^ done directly. To my mind* it can best be 'done by ca^sesshowing the interaction 
between scientific and historical changes. ' . 

Ad 5. As I'see it physics teaching cannot do much to further these aiml Of course, 
students should have opportunities to develop and follow iip their own interest. (37) 
They should learn to iee that the most refined equipment does not give always the 
best insight; So' we can do something to' sharpen their wit? in a sort of consumer 
criticism. 6ut it is unknown how, effejptively such strategies/^never tr^ed out, will 
transfer to daily life. Also we may discuss with students standards of^precision and 
standards of ciuality generally. But the same objection can be raised as before. 

,^UJid 6. In teaching physics students should le^rn to ask questions. Traditionally 
physics teaching has had largely the effect of silencing the questioning impulse of 
the majority of students. (538) 1 can only speculate upon thq reason for this phehp- 
menon. first, we have to take account of the impression of .physics as an over- 
powering construct that no one ^an hope to manage. Second, questions that arise 
by studying physics are often rather difficult to answer,' even if and especially 
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^ if they refer to ordinary events. Thus» wh/ the §ky is blue , or^ whySpl^^gliss is 
> transparent, atid Iron a f^nomagnetic substance? A vtry high l^verpf subject 
. ^ * matter Wphistication is necessary to Iind§f5tand the atiswers physics can ^Ive to 
, . these ^questions. Thus the student gets th? iiriptessfoii that the really interesting, 
q^^'tions are beyond him anyway/ Third, by forming hypojtheses li\ ariswerlng^a 
- ^, problem the student experiences failure/ in Ttiost cases. One answer, one-idea, otte 
plan is riglit, the others are'wrongj atid iri any case the teacher knew the answer 
. ' beforehandTjili^ these points constitute^a rather effective cou^terconditipning of 
* / ' a8kingquestlQ!]^^an4tal<ing^ne>5,tand against others or authority, 

; • Thus teachers sholiild take 'the burden ^^onvince studetits that a rhistaken hypo- 
' thesis, a false idea, are not failures; they nriean^ contribution to exploring the 
■^ .^ limits of possible solutions: Students should'be prepared to insist ifpon their con^^ , 

ceptionsiillihe issue issettljed, and they should definitely know tha^ tltese opposing 
' : the *true^^9onception and,jf<)Vci^g the other party to jiistiiy and^xpose their own ideas 
in 4n understandable aiid copvincing fasHlon play an essential part in the process 
of scientific progress. We glory those whb have succeeded, and forget or even 
despise thos^-wlio have iQSt 'their case. This preposterous paradigma or writing the 
^ history of spience should be abandonedr " v 

Ojj the other side, An mathematics arjd science teaching students experience iskies 
. „ that cannot bp decidelJ by ma jority vot-es. There is a wide ifiargin for coriVentions, 
in mathematics -as in physrcs..But sooper or lafer ia these fields we meet with our 
own conventions aS limitations; 'and moreover," In physics we meet nat^ure as a 
llmit^'to conventions. 'As a result of physics teaching the student sfl^ld have formed 
a clear distinction betw.een questions of value; question^ pf conventional defini- 
tions, and questions of fact, ^and. he should be prepared to react to each'category 
. in thejproper fashron. - , ' 

* , Ad 7. Concerning this point I should like to "draw attention<?to the fact' that even 
science has its cfeed. TWmoment we enter the theory of "science we arl§'face3 
with a host of uncefttainties. What is a law of nafUreMs it just a regularity,- a 
A :. ' protocol? How do we justify inductive generalizations? No question. of this tyj|p is, 
' sufficiently ,>rell answered. Moreover, there is considerable evidence from 
Th.S. KuBn's writing that paradigma shifts cannot be described as a wholly ratio- 
•nal ^aff air. Thus, physics teachers should avoid overstating their case.« Physics is 
a grei^t instrument within narro^ir bounds of applicability. But it is no substitute 
, ^ for that energy Uiat roakes life and even physics itself run. 

' • Ad 8. The contribution of science to uniting people of 'all. countries, of all reli- 
gious and political faiths, is manifest. Consciousness of the one world is conscious- 
' " ness of science and technology as essentially the same all over the world. Also 
these are tlie main unifying powers Supplying means of communication and shared 
^experiences. This fact should be stressed in physics teaching. Moreover, I cannot 
J see why it seems nnpossible to develop forpas of cooperation between physics and 
. ^ language teaching. Imthis country students enter university to study physics that 
took courses of English for eight or nine years, and yet they are appalled by the 
suggestion to look into an article in English. The language teacher tries to impart 
a sense for the foreign culture, for its peculiaritiel. But he forgets to show that 
the scientific culture is independent of language. Reading and discussing short 
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paragraphs from English written scientific articles In the science lesson might 
* prove a way out of the diffipulty. » ^ ^ 

I should like to add a concluding rematk. Implementation of modern physics 
curricula ilTa difficult and complex task* 

I am perfectly aware of the fact that my problem of convincing teachers of the • ► , 
aims is only a smaljl facet of the problem. There are many others I cannot deal 
with here. One of the most ifnportant seems to me the need to supply links b^- 
ween broad aitns and objectives. Most curricijla discuss* goals but fairto 'point 6ut 
why this special material or procedure is apt to serve these goals. But that is , 
artother question. ' • 
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Discussion 



Mrs. WOOD ?isk8 for some additional comments to v. Hentig's conclusion no* 2 
(specialized competence). Mr. JUNG answew tha^tbe term specialization is used 
here in two different meanings. He did not tliink of the question of teaching inte- 
grated science or nonintegrated science. Ratlier he thinks of a class, in which a 
student develops a special competency in so)Rie patch of work and will then com- 
mutiicate w^th his less specialized fellows. 

Mr. 6AEZ proposes to teach physics in a fprei^n language, e. g. English, or - as a 
task of less difficulty - to reinforce concepts in phyjsics in English language. 
Mr. JUNG takes it to be a good idea* which is, however, preferably manageable 
at the university level. - Mrs. WOOD points :o the difference between reading a/ 
novel and reading a science textbook. Often n the schools the students are brought 
to rapid reading for Just getting the general ic ea^ On the contrar)r, science requires 
denser reading and writing. She suggests to giire ? paragraphs to the students, from 
which one is a story and the other one scienc^f Then the students would belasked to 
, to express the contents of each paragraph Iri as few words ^fe^possible; they will 
then Stan' to realize the difference. Mr. TU ^G feels that this would be Very • 
profftable. But at first students ought to learn the science language of their * 
mother tongue. ' , • ' 

}t is discussed, if the history of physics were to be included in the course* Some 
people argue that the danger of dogmatically leaching facts and schemes could be 
decreased by historical considerations and reflections. The inclusion of historical 
material would integrate thje reflections about methods. The history of physics, 
however^ must not be an aim for its own sake, at sphooL 
The advantages and disadvantages of a prefabiiceited curriculum are considered.. 
Mr. JUNG states that the demand of some teachers for a prefabricated curriculum 
means a demand for a cookery book. This is \ symptom of sickness, and ope ought 
not to be glad about it. He feels that a prefal pleated, well constructed curriculum, 
which is open for teachers to cho^we^'mll be iraluable. He warns of top great a 
rigidity of a curriculum. If a curriculum is made for one, two, or more years, it 
will be difficult fbr the teacher to take in ext raneous'material that is not contained 
in the^curriculum. A riother proce dure would J te prnfitahlp.* ^^^ftr tT?plj^iJmbg„— ^ 
teacher, from which he can choose, and whe :e he can arrange ahd even reanange 
the sequence and can take in additional material. - Mr. ROGERS also emphasizes 
that the teacher must be able to choose. A nfew curriculum must not include too 
much new apparatus* 

Mr. WESTPHAL reports that the *^achers often modify the IPN curriculum. He will 
gladly agree, if the teachers only use it as a possible framework for constructing 
their pwn curriculum! But he feels ^that for the first trial of working with the curri- 
culum, it might be favourable to teach it in its original mode in order to find out, 
how it works.' 
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III. Strategies and dispositions for tlie construction of science curricula 
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PoulThomsen ~ * . 

The development of a new physics curriculum for the 
secondary schools in Denmark 



1, Preconference nptef 

1,1 Plans for a new physics curri culum 

In 1972 the Danish Parliainent will probably pass a law defining the main features 
of a new structure for the Danish "folk school" (the public school for students of age 
7*17). Recording to the plans the implfementatioa of the school reform will be 
effected from the autumn oV 1973. The preparaclbn started 2 1/^ years ago when a 
curriculum committee started its wo;k. As usijjal, the members were important 
people having lost all connection with* practical teaching several years ago: admini^* 
strators from the Ministry of Education, school directors from different parts of the 
country, and high-ranking members df the teachers* union, who work full time for 
the union. In due time subcommittees for the different subjects or groups of subjects, 
taught in school were formed. Physics and chemistry were grouped with arithmetic 
and mathematics, the members of the subcommittee mainly being interested in 
arithmetic and mathematics. 

Considering the fact that radical .changes in the physics curriculum usually take 
platce only in connection with school reforms of the above-mentioned kind, you' 
might feel discouraged and get the impression that, whatever you do, very little 
progress will be achieved this way. And if you analyse the changes in the physics . 
curricula of most countries in the past, anyway ^up to around 1960. you easily get 
support for this depressing impression. On the .other hand, important steps towards 
better phy$ics teaching may be caused by a minor reform, as the reform itself may 
act a^ innovator for progressive pedagogical activities, for inst. development of 
new textbooks, laboratory guides and laboratory equipment, but unfortunately it 
will usually be too easy just to proceed with the old system when some minor chan- 
ges have been made. 




The activities in the interval between two successive^curflculi^n, refojfris are of 
outstanding importance. In this period new fruitful pedagogicarNid^«c^may be 
born, at heme or abroad, and if sufficient efforts are made to make these ideas 
publicly known, the result may be that the curriculum committee become aware of 
the new ideas and find it natural to include these in the^new curriculum. To illu- 
strate tl|is I only need tcpoint oift the* enormous infludlice of tl\e PSSC-project on 
the physics"curricula of many countries all over the world in the sixties. ^ 
At the physics institute at the Royal Da-nish School of Educational Studies; we of 
course feel it as our obligatioa to keep Danish physics teachers well-informed about 
the great physics projects developed in different countries tluring the last years. 
Therefore, we were especially interested in 'the school-political game in connection 
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with.t|i6 school reform to see'if our informative activities might cause significaiit 
influence on the new curriculum, ' ^ * 
Now, It turned. out that we got the chance lo influence the new curriculum much 
more than we had anticipated, aS the subcommittee for arithmetic, mathematics, 
physics, and chenjistry chose to invite different groups interested 4n the teaching 
of physics and chemistry to send tn suggestions for the new curriculum. In .this Way 
two of my colleagues ani I got^irectly involved in the work concerning the new 
physics curriculum togetner witn representativeS|from other groups who had contri- 
buted to the work of the committee, for example representatives from the physics 



Being engaged in Ms ac!rvny~atlhrihe^ime wllen I-was iked to deliver a lecture 
at the UNESCO-Seminar on "The Implementatio^ of Curricula in Science Educa- 
tion with Special Regard to the Physics Teachirtgj* I found that one of the best ways 
to contribute to the conference, was by giving an jaccount of our efforts to secure 
re^asonably. good conditions for the teaching of physics and chemistry within the 
new school structure, and by giving a survey of the ideas and plans we have worked 
out so far to set up a new curriculum, which we liope wjU serve as innovator for 
new improvements within fhe teaching of physicslin Denmark. 

1.2 Historical background i 

You will be in a bad position to evaluate, if the n'ew curriculum is a progressive one 
or not, if you do not have^some knowledge of the present state of physics teaching in 
Denmark, and how this state has been obtained. The remaining part of this paper 
therefore will give a short survey W (he different school reform^ in Denmark in this 
century, specifying the amount <Sf time spent on the teaching of physics. and che- 
mistry In each case. All this timt the two subjects have been taught together as 
one subject, whichj In practice has meant a physics syllabus including a little 
chemistry, i 

The school reforms of 1903 and 1937 

We got a school reform in 1903 which was followed by a minor reform. in 1937. 
essentially extending the organization of the education in towns according to the * 
reform of 1903 to the whole country. Table I gives a survey of the structure, the 
numbers followed by Ph indic ating the number of periods per week spent on the 
teaching of phy^itcs and chemistry. The number of children passing through the " 
more theoretical part of the school,^he "middle school", during this period 
increased from 2oVain-193';^to about 30%in 1958. Table I gives a rough idea of the 
situation in 1958. From the table can be seen how 100 students entering school at 
the age of 7 (grade 1) passed through the different grades of theschoolsystem. 
The table shows that more than 50fo of the population at that time left school with 
the minimum of'^e^ucatlon required by law: 7 years of education. Roughly speaking 
only 31% of the population, who entered and completed the middle school, got . 
esseiltially more education than these 7 years, and it can be seen that only this 
minor partiof the population received education in physics and chemist!^. To* 
teftipt some of the students that did not enter the middle school to stay i« school 
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Table I; Structure of schoi)! up to 1958 



3 year "gynwiluro 
achoor (' last year 
of fj&nior high -f flnt 
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end of folk school 
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2Ph 
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22 
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J 








2Ph 


31 


41X1 , 




in „ 

(1 a. 


14-15 




12 
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2Ph 


» 31 


Zm 




g 5* 


13-14 


,exit 67 f 


69 
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2Ph 


31 


3x11 




12-13 


69 
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2Ph 


31 


Im 






1 

69 

)l — • — ^ 




31^——'^'' 


"^middle 
ichoor 





11-^12 


100 ^ 


5 


10-11 


100 


4 


9-10 

-8-9 ■ — ^^^^^''^^ 


100 


3 


-100 — - 


-2_ 


> 






7-8 


100 


1 



age 



100 

students 



grade 



start of folk school 

The number of students leaving school at the different levels has been ca'lCulated 
from statistical information on schools for the year 1958. 
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some years more, an alternative to the middle ^ool was Set up;-the so-Called 
"free middle school" teaching roughly the same si^cts as the middle school but 
Ih a more free way not requiring an examination at%e end. This effort turned 'out ' 
to be an enormous fiasco, so I have not even considere^it worthwhile to include 
this possibility in the table. - 

The topics taught in physics and chemistry in the folk schoj^ during the period from 
1903 to 1958 were only slightly changed dilHng fhe whole pekpd. The general 
opinion seems to have been that the brains of the students at tnjfi age were of a 
capacity enabling them to understand the topics of the curriculu^^froni 1903 and 
' not much more. And yet a very important improvemenj:' of.the te^^ing of physics 
took place in these years. An active group of physics teachers in C^^fenha^en 
formed an association in 1919, and in the following years this associa^n hecame 
an'exponent for the ideaihat physics should be taught in.a more practic^way, ^ 
based on teacher^s demonstrations and students* experiments instead of b^wc^ec- 
tured by means of chalk on the blackboard. Tp a certain degree they succ^Mbd 
in making physics an experimental subject of the Danish folk school. 
Unfortunately, the students* experiments 4ip to 1958 were not too exciting, Usim^ 
the students spent most of their time in the lab investigating whether their experl%^ 
mental results were in accordance with a well-known theoretical lawi or they spe^ 
a lot of time tryingjo find for example the density or the heat capacity of a Ibt 
of different materials. The "ciemonstration experiments were generally better, culti- 
vated as they were by many enthusiastic physics teachers, but as a whole the edu- 
cation was very*old- fashioned in many respects, and sometimes the experiments 
were experiments for the experiments' own sake and not a logical part of a well- 
planned course. » 

The School reform of 1958 

One of the aims ol the schpQl_reform of 1958 was to build up a school structure k)f 
appeal to the hig amount 'of students who until then' had left school at the age of 14. 
However, there was considerable opposition fn Parliament against a general raising 
of the school-leaving age as a solution of thls^-problem. To get more than 7 years' 
of education in school should be an offer to the" students-, not an obligation. Table 11 
shows the main structure of the school according to the 1958 refprm. 
The school reform was well received, and the number of students dropping out of 
school ^fter grade 7 gradually dropped down to near zero during the last l6 years. 
— New-neariy- all studen ts stay in school for at l c^st-9-yeafSi-aflthan-tnefea sing num* — 
ber of students also take a tenth school year. . . 

A comparison between table II and table I clearly shows that the importance of 
physics and chemistry as school subjects was generally accepted* All students 
should now study these subjects for at least 2 years, and all the students of the 
"real-line" should go on studying physics and chemistry as a compulsory subject. 
The number 6Ph in parenthesis indicates the students* possibility to get 6 periods 
of physics and chemistry a v^eek by preferring a technical "real 3" to a normal • 
"real 3". 



Table Us Structure of School from 1958 until now 
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46 
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• • 
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100 
students 



start of folk school 

The number of students leaving school at the different levels has been calculated 
from statistical information on schools for the year 1970. 
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In the other line physics md chemistry should be optional, and it turned out that 
physics and chemistry were chosen by a fair amount of students. The number 5Ph 
In parenthesis refers to the posiibia^ that the studenU can choose a special technical 
education In grades 8,9 and 10, where the t^eachlng is mainly concentrated on the 
topics: mathematics, physics and chemistry. The idea of the big number of periods 
per week was to make- it possible for ihfi students to reach the same level as the 
students of'the "real- line", but in a more pratical and therefore ijiore time-con- • 
^ suming way. In practice this idea proved very valuable. According to the teachers, 
the technical students* often got a better Understanding of physics than the students 
in the -real-line". 

The teaching of physics in the technical real 3 with 6 periods a week wai not a 
success. Only few schools made use of this possjfcility to offer technical real 3 as 
an alternative to the normal real 3. and 3 yea^s ago the technical real 3 was 
removed bylaw. 

The Subcommittee responsible for the physics curriculum in 1958, did understand 
that the syllabus needed a radical change. A lot of new topics were introduced and 
It was stated that, whenever possible, the teaching should be based on the concept 
of ^toms and molecules. One of the most irtiportant renewals was that Newtonian 
^ dynamics was^included in the syllabus and that energy was made the fundamental 
topic to be studied in " real 3- . 

To supiiort an experimental treatment of a large part of the^opics it was* required 
that the examination In physics and chemistry at the end of "real 3'' should include 
a discussion of an experiment done by the examinee. 

It was much harder for the cpmmittee to*get rid of old-fashioned topics than to 
introduce new ones.- To the great dismay of 'many older physics teachers the steam 
engine should not be taught any more, but other topics. Just as old-fashioned, as 
for Instance different kinds of pumpi not much in use any more, 'are still included 
in the syllabus. 

The teachers were not prepared for all the changes, and during the first years there 
was a heavy opposition against the new physics curriculum, but when new te'aching 
materials had been developed it was realized that these topics cotH^S'be treated very 
well in an experimental way, and the opposition gradually faded. Today, the tea- 
chers mainly crltizise the curriculum because, in their opinion, some of the grades 
seem to allow too little time for the teaching of the many different topics. 

1*3 Th^e reputation of physics in 1 958 and now 

The main reason for the improved position oTphysics and chemistry in the curri- 
culum from 1958 was partly that physics and^hemistry at this time were very 
esteemed subjects. Nearly all people in Denmark knew tli^ name of Niels Bohr and 
were a little proud bf Denmark's ability to create world famous physicists. Further- 
more, Denmark at tMs time was short of technicians, and the politicians were much 
cohcerned about It.. The prime minister appointed a comrtlattee to suggest what to 
. do to increase young people!' interest In technics, and in 1958 this committee 
declared that one of the best things to do was to inc|ease and improve the teaching 
of physics, chemistry and mathematics in the folk school. Furthermore, the com- 
mittee recommended that it should be required of all schools in Denmark that a 
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* good pliysics laboratory and modern collection of physics teaching apparatus 
shOul(J be available. In some periods Of the sixties Denmark's financial standing 
Was good, for once', and the demands were satisfied tovj^ther a high degree, so 
now the situation is that the faclUties for physies teachitfe in the Danish Schools 
are very good. , 

^ It Is difficult to say, to which degree the improvements of the tea ning of physics, 
chemistry, and mathematics has b^en responsible for the increas,e in technicians 
during the following years, but in fact we avoided thcKthreatenin' shortage of 
technicians, and today We have, on the cpntrary, a sdrplus of the, i. 
Unfortunately, the attitude towards physics has clfengdd also, not o much the 
attitude of the children in the^folk school, who are^ftfen looking f -^are to the 
startof physics teaching ♦ but the general attitude from society and of iab.U can ^ 
beseen from the fact that^the ^eacjiing of physics in 'grade 6 was canct din 1969, 
when school's amount of perioBs per week was reduced to make it pc^ Hie to go 
from a 6-day-week to a 5- day-school- week without the school (ky b oming too 
long. Also, the above-mentioned cancellation for technical real 3 w. an indica- 

• tion of a new offit:iaf course towards physics and chemistry. 

In view of this situation I am not quite sure that the title 6f my lecturt t this con- 
^ fer^nce should be the announced one. Perhaps the title: "The Fight for . ysics and ; 
, Chemistry in a New Danish Schocil Structure" 'would be more covering. 



2. Conference notes * ' 

In my lectute I describe our efforts to secure a reasonable position for physics and 
chemistry in the new curriculum for the Danish folk school, and I present some of 
our baslb ideas conceming the new physics curriculum. 

I express, it aS my experience that - whenever a school reform is being prepared - 
itisworthwhiletoi^alyzehow the- teaching of physics can contribute to the general 
aims of the school. Physfe has indeed much to offer, no maftter the contents of 
the aims. But ^e must work haid to convince'the officials respnsible for the reform 
of this fact. . ♦ 

As documentation I refer to the fact that it seems that we in this way have pre- 
vented a severe reduction of physics and chemistry in the new Danish curriculum. 
Table III indicates the genefal schbol structure according to the planned reform. 

tableTV^ sh o ws the p ro babte-fHtmbe r of weekly periods of ph ys i cs and chemistry in — 

the different grades. The general'aims of the folk school acconding to a preli- 
minary paper by the curriculum confimlttee, are shown in table V. 
In acco^aJice with general aim no. 1 one of the aims^of the compulsory teaching 
of physics^ii grades 7 and 8 will be to make the stude'Bts. familiar with fundamental 
physical a^d chemical concepts. Ih accordance with general aim no. 2 a natural 
purpose seems to be to m^ke the students familiar with the scientific method used 
in physics and chemistry. 

To fulfilLthe last aim the students must have ample time for experiments in the 
lah. but lab-centered teaching is very time-consuming which mean^ that there 
will only be .oom for a limited number of topics in the syllablis. Therefore, it is- 
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of vital iqiportance to find oqt which concepts will bB of specia*! value, for e^xample 
from the point of view that f^^miliarity with these concepts is a necessary condition 
foe A reasonably gpod understanding of the information presented in newspapers, 
iPV-broadcasts, and other sources of information. s 
A«a first, incomplete investigatlbri of thi^ question a group of physics teachers 
attending my cou^ •"Methods and Way5 in the Elemehtary Teaching of Physics" 
went through a voUSme of a Danish newspaper (from October, 1970 to C)ctober,'l971) 
tind noted how often physical and chemical concepts were mentioned. Gftch concept 
was^iiounted only once in each article, and special columns as for example "Motor- 
and Traffic" and "Photo" were omitted. Two of my students, mr, Axel Johannisson 
and iTir. Bent Balle Petersen, analyzed the material and prepared the statist! bal sur- 
veys Ihowh in tables V-I, VII, VIII. and IX. 

These tobies .were taken into" account together with other in\portant aspects (fbr 
example concepta^considered especially valuable by physicists) at a meeting with 
the sybcommittee responsible for the physics curriculum. There, it was decided 
that the syllabus for the compul8ory>teac|iing of physics in grades 7 and 8 should 
include the following themes; " ' 

An elementary treatment of Newtonian dynamics. 

- Temperatiif^ and pressure. J5 ^ .= 

r Chemistry. ^ 
* Electrfcity arid magnetism. ' ^ 

- Atomic structure, radioactivity. 

- A qiialitative treaftm^nt of energy. . \ I 
Some ideas for the syllabus for .grades 9 and^O were also suggested. Xn grade 9: 
an exfend^d course*in electricity .including electric oscillations and an extended 
course in atomic and nuclear physics. In grade 1 Or optics, waves, the nature of"*^ 
light, statistical phenomena, an extended course in Newtonian dynamics, and a' 
more quantitative, treatment of energy. 

At the Physics Institute of the Royal Danish School of Educational Studies we have 
discussed these, possibilities, and we have found it very difficult to give an extended 
course in atomic and nuclear physics when the students have not yet studied the 
topics suggested Jor grade 10. ' 
At the next meeting we will therefore suggest that an extended course in Newtonian 
dynamics, energy and energy-conservation is to be given in grade 9 together with 
a reduced course in electricity and magnetism. In return, electrical oscillations 
should be treated in grade 10 together with waves. 

tn addition to thfi subjects mentioned in the general school curriculum it i s also 

possible that other subjects can be taught, if a competent teacher is ayailabl^ and 
enough students want to study the' subject. Of subjects related to physics we think 
that electronics and astronomy might be taught in this way in some schools. 
6ur intentions concerning the new physics curriculum are just as much to inspire 
the physics teachers to concentrate more on active teaching methods where stu- 
dents' laboratory *work plays an important role, ^as it is to introduce new topics. 
InJaC^, the situation is the one that we are considering how much we can r^a|be 
. traditional topics to allow room for the tin;ie-consuming lab acuvities« 
Inspiration to change teaching methods does not come all by itself fpom a list of 
topics in the syllabus. Therefore, the physics syllabus is to be published in a booklet., 
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cardyiy dispuiiihigthe aims of physf<:s teisiching in th€ light of tHe genex'ft^inis , 
of th'i^hooi. Furt'hermar*, this booklet will include a discussion of a variety, of 
te^ching'TTicthads, and tljtclt advantages and disad>^antagei illustrated by a number 
of example$. /n this way we inten^ to exei^^ise.a^mild pressure towaidk more la^- 
% centered methods. 

'\Jt hop^h^t the physics teacheri and the diffejrent teams of authors writing^Xt-» 
. books in physics, will be inspired A>y this booklet and find new and fruitful idei^foY-v 
^ v the teaching of physics in bennmrk*. 
^ ^ Therefore, we do not want the list* of topics in' the syllabus to be.too detailed. On 
^th^ other hand, we would like to make it irnpossiblc to %b on using the old text-' 
books and laboratdty guides, sinless thesiB undergo radical changes. At the Pfeysics'^ 
institute we are working on these problems just now. * • ^ 

My own j(deas of new materials for the pfiysics teaching according to ttie new curri- 
- culum go in the direction of a textbook Integrating the laboratory activities in a 
way'Slmil^r to the IPS and PS II courses, and suggesting more open activities Whetre 
this method is considered, useful (inspirfttiba from the Nuffield Project). 



table IV; 

. 16-17 



14-15 

13-U 

1:2-13 

11-12^'"' 

10-11 ^ 

9-10 

7-8^ 

age 



A 



10 



4PH 

^2?H 2 ^emistry 



3PH 

V * 

2PH 



(Chemistry 
included) 



optional (2 levels) 



compulsory 



kindergarten 



tfgrade 



Table V: - GeneraLMms of the folk .school 



1 , That each student gets tfi^o(>pQrtunity of acquiring skill, knowledge ^ 
and insight, , ^ "^""^"^^ 

2. that each sti^dent getrthe op^rtunity of in^fependent and social 
development of personality. 

In trying to fulfill these aims it js imp^ta;it 

— that the student gets the opportunity of experiencing and evaluating 
own possibilitlfe and limits. 

— that each stod^ can train own abilities of evaluation and independent 
choiae, 

— that the, student's self-activity is encburaged, . 

— that the student's imagination and creative abilities are stimulated, 
that each student gets personal responsibility ^nd influence on 

; joint decisions, " 

— that understanding of other person's capabilities is furthered in 
each student. « - » ^ 
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H.P/Hooymayers , " . 

The set-up of a Dutch curriculum innovation project, for physics ^ 



1/ Introduction ^ 

. / 

During the past decade considerable attention has been paid to curriculum study 
and reorganisation in many nations. , / 

Until about 10-15 years ago curriculum innovation was only minor - when it did 
take place - and in most cases meant no more than^addlng a new section to a 
syllabus or replacing some physics topics by more up-to-date physics. Generally 
ad-hoc committees of subject specialists made some modifications. Since these 
modifications were mostly small, teachers found no difffbulty in applying them, 
at least they did not require any fui^her training. e 

In tlie past decade, however, it was generally felt that minor modifications were 
no longer sufficient to keep science education at th^ secondary school level-on a 
satisfactory basis. .Curriculum rebtganisation Jiad to inclu<le a lot more. 
Consequently the more recent curriculum changes in UK and USA were often so 
fundamental that most teachers felt uncomfortablqr^ithout further training, im- 
plying that the dissemination of such courses must go hand inland with training 
of the te<ae^ers« 

Such a training should not only concern itself with the subject matter of the course 
(for instance physics) but. and I believe with increasing emphasis, with the be- 
liaviour and the function of the science teacher in the various elements of the * 
teaching process. Curriculum innovation in this manner needs study, research, 
and last but not least a lot of money and creative people. . 
When we wonder why curriculum innovation c^n no longer follow the simpler way 
of the past, it is appropriate to think of a paper of 6. S. Bloom published in Educa- 
tional Sciences (Febr. 1966) entitled; 

"The role of the educational sciences in curriculum development". 
Here Bloom states that curriculum change is required not only because of the rapid 
growth of new knowledge, the changing conception of the subject itself and its 
relation to other subjectf or the political and economic changes in the social system 
but also because the students in the present schools are different in many ways from 
the students before World War II. 

For instance there is less and less motivation available to do a task without know- 
ing why. Blind obedience to authority is much less common among pupils than It 
was 20-30 years ago. 

Furthermore curriculum changes "are resulting from new knowledge about the 
learning process. The theories of learning and the methods of educational research 
give us the means of investigating the effects of particular methods ^of teaching 
and particular curricula. " ^ 
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On the basis of such considerations and also with a viey to the considerable changes 
that have taken plaCe in the Dutch school system in recent years, 'we are convinced 
that in' the Netherlands the only way which will lead to a justified curriculum change 
is the expensive way. This way requires a team consisting of experts from different 
educational sciences and. subject specialists. We believe that only such a team 
working in close cooperation with a large number of trial schools can answer ade- / 
quately questionsras 

1. For which ages and for which levels of education can physics contribute in a 
relevant way to the education of the individual and to the.more? general objec- 
tives of education? 

2. Which essential principles, ideas, structufes and organizing concepts of physics 
as a science should/be included in the cu|idculum in any case? 

3. How far has one to go wlththe mutual tuning of physics and the related disci- 
plines with a ;^iew to the selection and sequence of the developed materials 
(combined science course, separate physics courses or something in between) ? 

4. ^To what extent should the course material embrace theoretical and math^- 

^ matiqal treatment of physics, Ubwork, technological applications, historical 
considerations, biographical background data apd philosophical issues? 

5. What are the special weaknesses in the present curricultirp in the light of the 
major changes In the conceptions of leading physicists concerning essential 
principles and ideas pf the subject field, its methods of investigation and its 
relevance for contemporary problems? 

7o find answers tq such questions in order to improve the present physics courses 
on secondary schools, we shall start a curriculum innovation project for physlcsoin 
the Netherlands in August of 1972. - 

2. Shape of the project 

The schedule for the development of the new course errilaraces four phases. 

1. The orientation^'and planning phase. ' ' ' 

2. The construction phase, * ' 

3. The experimental dissemination and revision phase. 

4. The conducted dissemination phase. 

\, • 

3. The goals of the successive phases 

' i .' 

The main goal of the first phase is to gather, analyse and interpret the data 
re<quired to arrive at a justified set-up of the following phases. The activities of 
this phase can be distinguisheci in some main components. . , 

A. The formulation of instructional objectives for the new curriculum after a 
critical study of the goals, that are pursued by existing national and foreign courses 
and a stock taking in this field of thoughts and ideas of leading physicists, physics^ 
teachers and educational specialists^ These objective should lie in the domain of 
j^nowledge, understanding, attitudes and skills, and should embrace furthermore 
the essential elements of the structure of physics as a science, such ajs facts, prin- 
ciples^ underlying concepts, methods of investigation etc. 
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6. A critical study of the Instructional' procedures of existing courses and a rou^h 

selection of the subject nratter. In the stock taking of the instructional pifocedures 

we' can distirigui-sh ^ ' " 

1. liearning activities/ teaching technique^ 

2< organisation of the components of the teaching process 

8. Subject matter 

4. teaching aids> such as . 

a) skills of the teacher that are necessary Tor the use of different teaching 
techniques 

b) atidio-visual ai4s (hard ware and soft ware) lab equipment for student 
work and demonstration purposes. ' 

C. A Critical study of the aids and techniques that can be used for evaluation and 
feedback. . *. 

In this field we pan distinguish: 

1 . tests and observations used to determine how well the studei!^ has achieved the 
instructional objectives 

2. questionnaires for students and teachers to determine the effectiveness, and the 
* motivating valiie of the learning activities 

3. the subsequent organisation of the total feedback system. 

D. The organisational and financial planning of the following phases. - 

The information produced by these activities should give us at the end of the first 
phase the answers oii the following questions: 

a) what student attitudes and student skills should be pursued by means of the 
physics course for the various Iclp'ds of secondary school education; 

b) to what depth and breadth should students know and understand the essential 
elements of the structure of Physics as a science; 

c) which subject matter is required as a consequence of the choice of some a^ 
native endpoints of the course; ^ 

d) which learning activities and teaching techniques are useful in physics edu 
tion and to what extent are physics teachers already familiar with aspee 
educational psychology and sociology such as motivation of stuidents, teacher-^ 
student relationship, the effects of tests, group dynamics, processes of percep- 
tion and reasoning involved in scientific procedures; 

e) which teaching aids can be used in physics education and which materials are 
. already available ,.at home and abroad; , * 

f) which evaluation techniques are most effective to test whether the formulated 
# objectives are achieved and to what extent the teachers are familiar with the 

evaluation of the comparatiye effectiveness of tests, lab-work, teaching tech- 
niques etc. '-^ 
The detailed plans for the second and following phases will be made in the first 
phase. For that reason it is only possible to give a rough outline of these phases. 
In the construction phase the. total set of learning materials should be designed. 
These materials can infclude (see for instance Project Physics) student texts, latora 
tory guides and equipment, teachers guides, tests, programmed instruction, single 
concept films, overhead trahsparancies, reader^(i. e. books of selected readings) 
etc. A great variety of course' materials creates the possibility fbr the teacher to 
shape the course to fit the diverse needs and interests of the pupils. With course 
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materials that allov/ varied approaches, it is possible to teach groups of pupils with 
mixed abilities and interests. Of course for a correct use of such nnaterials you 
should have a ^clear notion of their practical possibilities. For that reason the 
nnaterials nnust be designed by a teann of curriculunn developers working in close 
cooperation with a nunnber of trial schools. In this phase special Attention should 
be given to the construction of the teachers guides to prevent that'^hese contain 
only Information about alternative content and problems for teaching and nothing 
on how science is learned, in other words nothing about teaching strategies. Further** 
more in the second phase special training programs for teachers should b^ worked 
out for a conducted introduction of the course materials in a second-group of schools 
which did not take^part in the construction of the materials. 

Then in the third phase, called the experimental dissemination phase, these training 
programs must be verified for their usefulness and validity. During this period the 
feed back should be intensive, because this is the first time that the materials are 
used in the second group of trial schools. This experimental dissemination phase is 
plaiined to prevent that the introduction of the new course into schools is largely 
mis -^directed. In this phase the teachers are not upgraded in course content only, 
but are also informed about the underlying educational framework and modes of 
instruction to successfully teach the new course. Once experience is obtained with 
the planned and If necessary improved methods of dissemination » the dissemination 
on a large scale can start. 

At that moment we are at the beginning of the fourth phase of the project, the 
dissemination phase. This is the most expensive and most important phase. At this 
moment, however, too few, data are available, so that it is not very appropriate 
now to try to say something relevant about this last phase. \« " 

A more detailed working-out of the activities apd ideas 
of the first phase. Formulation of instructional objejctives 

,It is well-known that the formulation of useful statements of instructional objectives 
^ is a very difficult task. 

^ However, at this moment there is much literature about the methods and techniques 
to formulate explicit objectives in terms of terminal performance. 
Of course, when <Joing this one should take into consideration the total number of 
hours available for physics in the secondary school program. Moreover it is neces- 
sary to know the entering behaviour of the pupils, i. e. you should know what they 
have learned previously^ their intellectual ability and their motivational state 
before instruction begins. In our school system we have a reasonable idea of the 
entering behaviour of the pupils because pf the results of the* enttance examinations,, 
psychological tests and advices from the teachers of the prlmaryrschools. n 
To illustrate the complexity of setting objectives, it is perha'ps useful to give a 
more detailed account of the variety of goals as given in some wellknown Innova- 
tion projects for Separate physics 4tnd applied science courses, such as P. S.S.C. , 
E.G. CP. (Engineering concepts curriculum project). Project Physics, the Nuffield 
Project and others. Concerning the P. S.S.C. course, much has been done by Trow 
bridge (1965) who compiled a list of objectives which were ifnique for this course 
(seeL.W, Trowbridge, Science Education 49, 112-22). , . 
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H0 also listed 39 objectives which were common to both the P.S.S.C. and the 
traditional Physics courses* The list of the unique P.S.S.C. objectives is given 
here «s an example. 
A. Broad objective 

1. To emphasize the continuity and unity of Physics. 
Development of student attitudes 

2. To emphasize that physicists are typical peopleW academic life 
with typical human aspirations. \ 

3. To develop a view of contemporary physics that is^^nsistent with that of 
' the professional physicist. >v 

C. Relatedness to experience (association, application) ^ 

' 4. To emphasize the major concepts and principles of ph]«ics from the stand- 
point of their contributions to physics as pure science, f 

D. Scope and sequence 1 

5. To emphasize the study of a few major topics at consfherable depth. 

E. Teaching aids and techniques (textbooks, fests) \ 

6. To employ tests as a means of determining the ability Jf students to reason 
to logical conclusions^ when working with unfamiliar datV 

F. ^reaching aids and techniques (laboratory) \ 

7. To emphasize the use of simple apparatus and inexpensive materials where 
educationally feasible in the laboratory. 

9. To emphasize (he method of laboratory investigation fdr learning. 
• 9. To emphasize the use of equipment and instruments whose working parts 
are clearly visible. 

10. To make the laboratory central in the learning process by designing it as 
a process of inquiry on natural physical problems. 

G. Teaching aids and techniques (visual aids) 

11. To emphasize an integrated film program for helping to teach the principles 
of physics. " ^ • 

H. Skill and concept development 

12. To show the importance of scaling and its role in physics. - 

13. To emphasize development of the ability to organize and display data in 
useful forms for effective analysis of it. 

14. To emphasize the understanding and use of ph^^sical approximations and 
models in helping to explain theoretical concepts. 

15. To emphasize the meter- kilogram-second system of units. 

I. Content objectives 

16. To study electricity predominantly from the standpoint of fundamental 
charge units^ their nature, measurement, and behaviour. 

Next to the P.S.S.C. course are the more recent Physics and science courses for 
secondary schools such as Nuffield^ Project Physics* the E.C.C.P. project called 
"The Man-Made World'*'. Some of these projects have formulated objectives dif- 
fering in many aspects from the P.S.S.C. ones. For instance the applied science 
project E.C.C.P. claims to bring a systeftiatic approach to problems as pollution, * 
traffic control, waste disposal, health care, urban housing etc. 
In this way they try to make their course attractive to non-specialists, because 
they are convinced tljat students feel involved in solving todays problems. 

' 83, 
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Some other statements of *the E.G. CP. group ?ire: 

A. Students develop the skills to relate technology to community problems 

B. Man- machine interaction is made clear - , 

C. Environrnental problems are emphasized to give students realistic insight into 
potentialVqlutions, 

*D. Students learrTabout the use and operation of computers. 
Perhaps it is interesting tp know some decisions made by the E.G. CP. group about 
the character of the course^such as: 

A. it should b^ a cultural course with technical and scientific content 

B. it should not be a vocationM course em^iAfrfetng detailed technology and, 
engineering skills y^^^^^ ' ^ 

C it should not replace biolQgyj,.,,p*^mistry or physics in high school, but provide 
an alternative course, an<P^ 

D. it should be» written to interest the seventy per cent of high school gradiiates 
vJio do not take physics. - , • 

Project Physics, dh the other hand, appears to put less emphasis on this type of 
aims but states that* the course materials were designed to achieve the following 
goals: , • 

A. To help students to increase their knowledge to the physical world by concen- 
trating on the ideas that characterize physics as a science at its best (for 
example, the conservation laws), rather than concentrating on isolated bits 
of information (such as the lens formula). 

B. To help students see physics as the manysided human activity that it really is. 
This means presenting the subject in historical cultural perspective and showing 

. that the ideas of physics have not only- a tradition', but methods of adaptation 
and change. v • ' , 

C. To increase the op^Jortunity. for each student to have immediate rewarding ex- 
perience in science while gaining knowledge and skill that will be useful | , 
throughout life. • ' • ^ 

D. To recognize the importance of the teacher in the educational process, and 
the large spectrum of teaching situations that prevail. 

E. To make it pos^ble for teachers to adapt the pHysics course on the wide range 
' ofinterests and abilities among their students. 

All these objectives and the corresponding fiourse materials should be cafeJuUy 
analysed in the first phase.^ However, next to the analyses of the foreign courses ' 
it is extremely important to find out the needs and wishes of the national physics 
teachers, research physicists and specialists of education. 
Interviewing the physics teachers is not only important because,they knov\their 
schoolsystem and the needs and wishes of their students better than anyone else, but 
they can also value the usefulness and vali'dity of developed ideas and materials 
from their own experience* All the work done to the formulation of explicit state- 
ments Is necessary to achieve that the goals are not"^.scure in their meaning so- 
that they can be reflected in the textbooks and related instructional materials. 
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The content and shape of the teaching pfocess and 
the choice of the s.ubject matter 

. Once .having formulated the objectives the teaching process must be described, 
i. e. the set of learning situations in which pupils, teachers and materials interact 
to produce the desired changes In pupils', behaviour. 

In the first place we have to analyse the instructional procedures and learning 
materials developed in the curriculum fnncvation projects from abroad just as tfce 
selected subject matter.4 

Jhe main problem that arises in the selection of subject matter is to find the balance 
betweci? the depth and breadth of its treatment, in this»respect, it Is always good- 
to consider the endpoints of the course first. '^So, the treatment of high energy physics 
as endpoint of the, course will require, at least in some important aspects, another 
basic knowledge than the treatment of solid state physics.. When the chosen end- 
points do not need the treatment of a special topic, for instance hydrostatics it is 
possible to leave it out of the program. For such a topic, that is not strictly needed 
to reafch the endpoint of the course yo"if should require that one reason is almost 
never enough to put it in the course. There should be at least 4 or 5 reasons. 
For the determination of the depth and brea'dth of treatment ofj^ie subject matter 
Bloom's taxonomy of educational objectives can be perhaps of great help. Bloom 
and cooperators have arranged different classes of behaviour in hierarchical order 
from the simple, i. e. from the recall of specific facts, conventions,' trends and 
sequences to the complex, i. e. the Judgement of the value of materials in terms 
of internal evidence and external criteria. " ^ 

For example, you c^n require that pupils only recall the law of conservation of 
momentum but you dan also ask them to apply this law in concrete situations, 
which is a more difficult task. Much more difficult, however, i$ to require, as 
terminal performance, the ability of Judging a written text about conservation - 
laws In terms of logical accuracy and consistency. Using this classification scheme 
it seems possible ta give the depth and breadth,considerations a more quantitative 
background. 

when the developed curriculum is thought of as a set of learning experiences to 
produce changes in the pupils I am convinced that these changes should not lie in 
the field of passive imitation but in the field of creative thinking and acting. We 
should not force the pupils to think along lines we have in mind, but we should 
appreciate and stimulate them to give their own solutions to the problems we offer, 
even when these solutions are not the best we know. It means that the teacher 
should not act like the teacher in the following anecdote, who asked a pupil to 
explain how the height of a building. Can be measured with a barometer. 
The first answer'of the pupil was:' take the barometer to the roof of the building,^ 
tie.it with a rope and sink the barometer till it touches the ground and measure 
the length of the rope afterwards. 

The teacher says: you are right but can't you give a solution that shows more under- 
standing of physics. 

Pupil: Make a pendulum from the barometer and a piece of rope. Let the baro- 
meter swing on the groundfloor and on the roof of the building. 
Measure in each case the frequency of the swinging pendulum and calculate the 
height of the building from the ratio of these frequencies and the .earth- radius. 
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Teacher: Again you are right but the answer Is not very accurate and I want a 
more accurate result. ' . « 

Pupil: Go Upstairs in'd measure the height of. the building using the length of the - 
barometer as unit of length. • > / 

Teacher: Is it also possible to measure the heighPof the building-witl^ two measurq^ 



Teacher: Is it also possible to measure the heighPof the building-witl^ two measun 
mentsonly.. • / . \ 

Pupil! Of course, place the-bafometer oq,ine.graund artd measure, Jhe length of ^he 
shadow of the,building and the barorneter, -From the ratio of the shadow lengths and 
the length of the barometer follows.the height of the building. 
Teacher: Vry to give a solution without the use of the arbitrary unit of the baro- 
nrieter length. ' , . * . 

P^pil: Bring thebarometfer and a stopwatch to the roof of the building. Drop the 
barometer from the roof and measure the^ime that the falling barometer nee^ds 
to reach the ground. ' . ^ 

From this time and thSe acceleration due to the gravitational field the height of 
the.building can Be fourvd. - ; 

Teacher: Dq you really not understand' what 1 mean? \ 
Pupil: Ah yes. but we know bpth already the answer that ydu wanMo hear but, why 
am I obligejl to think alprtg the linetf you havje in'mind? ^ V 

Of.pourse this is a rather exaggerated example,^but it shoy$ a teachi?^g activ|ty 
that I do not endorse/ , ' ' ^ -'^ V 

' the key to undtftsjind physics is thinking about physics. The emphasis oli*thinking 
demands- flexibility of the teacher, bfecayse only then it is ppssible for the pupilfc 
to follow the}r 6wn routes when solving a problerp. I believe that it is now widely 
agreed that creative thinking and acting can be best achieved by activities where n 
pupils are 'gradually allowed to work rather independently. « ^ .^-^r- 

^Aids and techniques for evaluatioiT and feed back 

. As already has been said a new curriculum may be seen as the planning of learning 
tperiences and instructional materials to achieve a Set oY goals, 
ether the teaching process has attained these goals or not is a matterfor evalu^- 
M^n. * ' * • ' ' 

The. evaluation should be. used to determine where in the teacher and student 
\ , activities and the learning materials can be Improved, and whether the new curri- 
culumVorks well for some students but not for others. 

In fhe n^re recent projects a growing emphasis iff being placed oh e^^aluation. 
because this information shouK be on hand when decisions are made about the 
adoption of new coujges in schools./ , ^ ^ ^ , 

For instance the "Engineering Concepts Curriculum Project" affd especially Project 
-Physics shave built into their development work a scientific evaluation-of their 
" materials*, and gf the attitudes and interests of both student^: and teachers. This is ^ 
JiArtant, I believe^ because the curriculum developers should know, whether or 
^ ' notiP^pupils find the course enjoyable, and whether ox not they have gained some 
und^sfanding fttpHysics out of the course. 

Xhe research methods, instruments arid statistic? of the evaluation of a- physics 
fn-oject can be found in the r^p^rt^ jyv-tiase study in curriculum evaluation: ^ 
Harvard Project Physics". ^ • 
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As ap exdrnple I would lihe to draw your attentioli t;? an edticational experiment 
described in one of the Teacher Resource books of Project Physics. A random sefec- 
tiori'of fifty-three teachers was itiade from ali?t of *16. 000 high school teachers, in 
tBe'U. S. during the school-year 1968/69 * Thirty-four teachers were assigned to 
■^.ttend a summer institute and {hen to teach Project Physics. The renjaining nine- 
♦t§en teachers were requested to continue teaching what they bad been teachii^.. 
At the end of the course a satisfaction score was deduced from questionnaire 
responses. ^ 

In these questionnaires the student was asked to indicate as to how far he.was 
Uk61y to Agree wi^ 5tatements^as» 

a) I think this physics course is designed in such a way that even those who have 
little background in mathematics can gain much from the course 

b) The book was really enjoyable to read ^ " 

.c) 1 think l^,aniing about men and woinen who made phj^sics grow, helped to make 
the course more interesting- 

d) i^^hysics is one of the most difficult cpurses I have taken in high school 

e) No mattei;fiow you-kjok at it, physics^has to be a difficult course. ' 
The teachers groups in this evaluation^ were randomly assigned from a ra^omly 
selected pool/ sothat the results of the satisfaction scor9 can be, legitimately 
gpnerailzied to the national population of high school teachers, this in contra- 
diction to the results obtained with volunteer groups as used in most cases. 

I beU^3(e that.in every new ^project more and more self- evaluation should be built, ♦ 
bec^se^vte Ijave to realise^th£^,t most of the ideas and statements about curriculum 
innl^vatton^ejiajruMeihaiUtypotheses ^ should be empirically tested in trial 
; schoolt^O)[t a Scale* as large as possible. ^ - ' , 

•Again we may say. that quite <a lot of ei^perience about research methods etc. is 
stored in the documents pf the most recent U. S. and U.K. projects. 
This implies that the making of.»inv%ntory lyill be one of the main tasks in the 



first ■phase' of ^ur^projec^. 
4. The organization pf the first phase 
Responsibility for the, project ^ 

The responsibility for the t^t^l prtJject rests with a commission (23 members) which 
is established to modernize the Dutch physics curricula for secondary schools. This 
-cammisj^ion of national stature exists about six years and is appointed by the Ministry 
' of Education. The membership of this commission includes university physicists^ 
physic$ teachers, teacher trainers and inspectors of education. 
In fact this commission has delegated its responsibility for the*project to a subcom- 
mission (9 njembers)* This subcbm mission » enlarged with same specialists in social 
pedagogical reseai'ch. is the adyisory board for the projectgroup. 

The advisory board . 

This board consists of physics ^teachers (to represent the prime users) , phyjsicists (to 
'guarantee the up-to-dateness and accuracy ofihe course materials), teacher trainers 




(to disdiyss with the project group the ways in uMn the teachers' caw lae helped to 
use the materials developed) , a psychologist (^H^sist in the evaluation of the 
effectiveness of the course materials) and educational specialists with experience 
in curriculum. Innovation (to assist in the set-up of the second and third phases of 
'the project). " 

• ■ ^ ' • t 

Theprojectgroup 

t 

For the first phase a project group will be formed consisting of " • ^ ^ 

1) thre.e*full-time curriculum developers (selected'frpifn the most able physics 
teachers, available), 

2) ' one part-time psychologist or sociologist with methodology as specialism. 

3) one secretary. 

The project group will be housed in the Physics Laboratory of the State University 
of Utrecht and will work in.clo^e cooperation with its department for training of 
physics teachers and educational research. . • ; 

Costs and duration of the first phase ^ i 

' The fits^ phase will start in Apgust-T972 and will last about one year. The costs 
of this pha^ are about f400000, - (or app 125000 dollars), including the salaries 
of the curricujum developers. Financial support will be given by a national foun- 
jdatlon for educational research, (S. V. O.) 

The costs of the s^ond and third" phase will be at least twice as much per annum , 
because then the project group will be enlarged with teachers of trial schools with 
reduced teaching coVnmitment. ^ 

Ta^ks of the members of the project group • 

. ' The tasks of the members of the project group follow froin the activities in the 

* first phase as described already. For each of the full-time physicists a working 

scheme has been designed, in which the activities that are expected from him, are 
given from week to week. Of course, this scheme is only a rough outline, but the 
, designing of such a scheme forces the advisory board to consider in derail the n 
realizability of every sub phase in the first year. Moreover this scheme is very 
useful during the formation of the project group," because every applicant can read 
^beforehand what is expected from him during ihe first phase. The patt-time ^ 
psychologist is Tnainly concerried with the evaluation of the effectiveness of the 
course materials. Furthermore hd has to pi;^pare the documentation on educational 
psychology arid sociology in oxdbtr to supply the other members of the group with 

^ relevant data Concerning the effects of tests and evaluations, group dynamics, 

learning processes, the formulation of explicit objectives and so on. * 

• • ' ■ •. 

Task of 'the university group 

. The university group of the Physics Laboratory of Utrecht will provide the project 
. group with advice, help and guidance during the execution of the successive phases. 
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The leader of the university group is a member of the advisory board and he is 

charge4with the special task to closely supervise the projept group. 

In order to give some Jnsight in the know-how of Ihe'.members of the university 

group it is perhaps useful to-fn^iition some of their daily activities. 

They are physicists and responsibTe"TDr the [educational part of the training of thd 

physics teachers graduating from the Utrecht university. Furthermoje they devefop 

demonstration experimevnts and experiments for student lab- work on secondary 

school and university level. They also try Jo stimulate didactic renovations of the 

physics education at theseleyels. 

This group has built up good relatfon$ with secbndafry school physics teachers by 
organizing regularly different types of iri-^s^ryice training such as: conferences 
about didactics of physics, local meetings of physics teachers, subject matter 
courses and so on. u ^- 

Moreover they provide the teachers with all sorts of advicp^on new apparatus for 
demonstration experiments, student iab-work, equipment of student labora-/ 
tories etc. • 

ThiS' know-how, rather unique in the Netherlands, is at the service of the j^roject 
group. . It should be noted that the time spent on project activities by the uniVexsity 
group will be compensated by an expansion of staff paid by the project funds. ' 

Responsibilities and t^asks. for the advisory board 

The advisofy board is charged with 

1) the quality control of the project results ^^f^ 

2) the financial control ' 

3) the responsibility for the execution of the plans according to scheme and the 
reporting of the results in good time ^ - , 

4) the personnel management of the project group. . . 
From these responsibilities it follows that the advisory l;>oard has to select the 
curriculum developers and it is- clear that the choice of the developers i)s one of 
the key tasks in the whole project, * 

This, because experience teaches that the success of a project is determined in the 
first place by the quality of the curriculum developers and only in the second place, 
by the approach bf the project and the efficiency of the organisation scheme. 
Theidvisory board tnust also make a decision, considering the funds available how ^ 
to iiffolve teachers in the ps^ct. 

For instance you can spend much n^oney, time and effort to involve a large number 
of physics teachers in the project right from the beginning. In that 6ase, however, 
you can only afford to give these teachers small reductions of their teaching com- 
mitments as compensation for their time spent on project activities. 
Qn the other hand you can spend the major part -of your money and effort on a 
small number of carefully selected teachers. In that case you can give them far- 
going facilities concerning tlieir teaching commitments so that they bepome, in 
fact, part- time members of the project group. ' • " 

in our project this is still under discussion. Anyhow, the major part of the advisory 
board is convinced of the importance of the involvement of physics teachers on a 
scale .^s .large as possible^in all phases, to ensure the equality of the feedback and 

• "1 - ■ ^ * ■ 87 



ir 



8G 



to stimulate the Interest of the teachers in the project results. This st\ndpoint is 
for instance supported by th.e Nuffield group. They experienced tl^t neW ideas 
were quite as much due to the teachers as to the members 9f the project 
group. 

One of the possibilities to ensure the influence and interest of a large number of 
teachers is the forming of local groups of physics teachers* which- will meet regu- 
larly to discuss the progress of the project. The leader of such a local group should 
be a isuccessful teacher who should be given reduced teaching commitments. 
Teachers Journals or perhaps a bulletin issued by the project group should report 
the discussion results ^of the local groups, so that every teacher can follow the 
project closely. - * 

The local groups should b^ spread over the whole country so that they can act as 
point sources (according to Huygens' principle) from which the waVes of curricul^uni 
reform emerge. 

Of course the final examinaticwis of our seco;idary schools will be modified to 
match the new curriculum', first in the trial schools only and later on in all other 
schools adopting this curriculum. 

This impUev^s has been said before, that the project activities should include 
research/to find the tests to verify whether the project materials have .accomplished 
the expected results, ^^ 

O 
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Discusston ^ • ' , o , 

(Because of the thematic corinecti^ons between the papers of Mr. HOOYMAYERS 
and of Mr. THOMSEN, the two discussions were combined, j 

Mr. THOMSElk'vhas shown statistics about the freqi^ency erf physical dbncepts in a 
newspaper (table VI oi his paper). It is commented Mr. ROGERS that the physical 
""concepts listed there are not independent of each othef. ' 
Mr. THOMSEN answers that these statistics are to be regarded as a first 'trial. Never- 
theless, the dominance of the concepts "energy" and "radioactivity" i§ evident. He 
feels that a, more'Systematic investigation would be important. * As his basic idea 
the author expressed. that the teaching of physics in school should enable the stu- 
dep,t8 to adjust themselves t6 modern society and make it possible for them later 
in their liveii to keep themselves informed of new progress in scielice Snd teclinrque^ 
'through modern sources of information, such as newspapers, radio and. TV. It is 
objected, liowever, that students of this age do not read newspapers vtty oftenoand 
that therefore the possibility of causing a strong motivation of the students should 
not be overestimated. It is proposed to include that literature into the investigation, 
which the children actually read in this age. Then it is discussed to Which amq^nt 
those concepts, which are relevant for the everyday- life of adults, are to be taught 
to children. Mr; LORIA feels that the investigation should be extended over a 
longer period of time; -otherwise the momentary fashion (which also exists for 
scientific topics the public is interested in) would cause a wrong selection of 
subjects,'.- . ^ , 

It is asked, whether astronomy could be included in the syllabus. Mr. THOMSEN 
answers that astronomy is not included in the. compulsory course, but in the future 
it might be offered as a voluntary subject. Mr. ROGERS warns that one must not 
include the superabundance of nice and wonderful subjects which too many kind , 
people want to press into a project, but to restrict a project to subjects of general 
importance. . . * 

Mr. SVANTESSON remarks to both the papers of Mr. HOOYMAYERS and 
Mr. THOMSJEN that at first attention should be given to the problem of implemen- 
tation. There wero many curriculum reforms, and nothing happened in the class- 
room. The knowledge of what has to be put into a reform is already very high. At ^ 
GOteborg they oould not afford to make a great curriculum, and therefore they-^ 
adapted and implemented the S CIS program. He emphasizes that the process of 
implementation must not end with the distribution of the material; the reaction 
of the teachers and of the parents must be considered, a continuous touch to the 
teachers' and a continuous revision of the material are necessary. 
Mr. HOOYMAYERS is asked, how it could be enabled tHat many teachers will 
contribute to the new curriculum and will therefore have a reduced commitment 
in teaching: the shortage of teachers is said to be great. He responds that in the 
/Netherlands they will put "with this disadvantage in order to get a ,good curriculum. 
Besides dt is hop^d that after two years no shortage of teachers will exist any longer. 
- Healsofeels that the problems of the implementation must be strongly considered. 
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Much information fronTthe beglnnijig of the project Is Intended. They are rea- 
^sonlng to train a group of teachers and then to spresththem all over the country. 
He hopes that the teachers will have the Idea that the pace^ of the project is 
effected by theniselves and that they so v/ill have a strong stimulation; he does 
hope tha'f a planned change of the Ideas about physics teaching will occur. How- 
ever, It w'illnotbe possible to estabUsh direct contact to all the physics teachers 
of ^he country. , 
Mr, HCX)YMAYERS Is asked about the new alms and contents of the Dutch curri- 
culum. He answers that the first phase of the project starting in August 1 972 Is , 
provided for the formulation of explicit objectives, the selection of the subject 
matter, the tea<Hhing techniques, and the teachiilg procJCfdure^ Provisional courses 
, already exist. - The question for the general aims of the Dutch project is repeated. 
' Here Mr. ROGERS and Mr. BAEZ remark that It^is difficult to produce a curricu- 
lum in such a manriier that the alms of ^hc start are actually realized. They 
remind of the example of PSSC. Its staff announced that they wanted something 
and then they achieved something different. 

Mrs, WOOD, who was involved In the PSNS project, reports that it was decided 
there tt) have precisely described aims. The whole story of the production of this 
course from the beginning to Its completion Is written In the final report of the 
PSNS project: what was aimed, what actually happened and what the steps were. 
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Emilia Constantinescu 

The basic ideas of physics in the elementary schools 



!• The theoretical condition of research ^ 



Research hypothesis « 

At the Institute of Pedagogical Sciences, Bucharest, Romania, researches with a 
view to improving the teaching of physics in school were based on the following 
hypothesis: 

- one of the principal modalities to solve the contradiction between the hug'e 

, amount of information constantly accumulated byscience and iY^e capacity - 
relatively steady - of pupils to assimilate this information is by emphasizing the 
formative function of .learning. . 
This would imply: ' . ^ 

- development of the pupils' ability to acquire'knowledge and development of their 
creative capacity; 

- assimilation of the basic concepts and procedures of scientific investigation; - 

- "acquiring of the habit of Independently storlng^up new Information and elabora- 
ting new modalities of action. 

On these lines, a modern course In physics should provide the pupils with:' 

- the system of concepts required for understanding and Interpreting the physical 
reality; 

- tl»e methodology of this science^, i.e. the system of its methods of kno^i^ledge 
based on the very, system of the most general laws and fundamentals of physics. 

Application of thi$ work hypothesis to curricula and textbooks would require: 

- securing of a logical structure of information which should reflect the unity of 
this Science by avoiding excessive sectioning, repetitions and contradictions. 
The organic and normal blending of classical and modern physics into one single 
organized system - physics - by reconsidering all notions from the vfewpolnt 
of new scientific developments. 

- Assimilation in the contents of school physics of the methodology specific to the 
present level of scientific. progress. The process, of learning should be stamped 
with operativeness, that is one .should firSt get acquainted with some working 

^ methods liable to being steadily improved and r(estructured in terms of the 
^' requirements of science; 

- explicit presentation of both the structure of the system of knowledge and its 
methodology so that the pupils could use the notions of physics in a conscious 

. manner; " 

te?cihing of notions throughout school by successive approximations so that these 
notions be perpetually completed and enlarged without being essentially replaced 

V ► ' ■ 

. ' - 91 



Curricula should be structured in such a way as to assure continuity of learning 
at all levels of teaching physics so that each grade should benefit to the utmost 
by the knowledge and abilities formerly acquired pointing to analogies and . 
facilitating transfers between the various fields approached. 

The basic concepts of physics 

Applications of these views to the experimental curricula and textbooks raised the 
problem- of the selection criteria of information. As a matter of fact the main 
criterion was the extent to which the respective Information cap. contribute to 
achieving the goals aimed at. 

In tl]l8 way, we Included In our curricula the basic i^otibns I. e. the notions Indispen- 
sable for a course tn physics to have a unitary structure. We eliminated the "closed" 
notions I. e. the notions which are not necessary prerequisites for the understanding 
of further Information (and are usually t^ght merely to increase the volume of 
knowledge). 

We assumed that the understanding of present-day physics Is based on the following 
notions which should be taught from the very first lessons of physics: matter with 
Its two structural aspects,- the substance and the field; motion; 'energy; physical ^ 
system - the Idea of structure and Interaction Included; physical phenomenon; 
physical magrtltude (scalar, vectorial; of state, of process); physical law; observa- 
tion; experiment, measurement; modelling (similar, analogous), etc. 
The great methodological value of these categories lies In their appUcabiyty to , 
almost all the realms of science thus facilitating the transfer of Information from 
physics - whose study begins much earlier - to other subjects so that one may deve- 
lop some systems of knowledge Integration both along Intradisclpllnary and Inter- 
disciplinary lines. 

Evidently, In the^^electlon of physical Information, 'stress was laid on the basic 
notions specific to physics so that these notions should be, as much as possible, 
integrated into the fundamentals mentioned earllei^ ^ « 3 

Viewed from this point it was sometimes necessary to make concessions - In point 
of unity of structure to assure the accessibility of information. 

w 

Elenrents of physics 
Methodology 

The pupils* approach to the study of physics by simultaneously performing a succes- 
silon of experiments from the main chapters of this discipline was viewed as a means 
' of putting them In touch right fi;pm the very beginning with the work specific to a 
physics laboratory, to familiarize them with the basic aspects of Investigartion In 
this field and to enable them to get those representations required by an accurate 
.understanding of the meaning of such notions as: observation/ experiment, measure- 
ment*, phenomeno/i, physical magnitude, physical law, etc. Experiments could 
consist in the measurement of lengths with the ruler, of volumes with a graduated 
measuring glass, irelease and observation of some.phenomena like boiling and^mel- 
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ting, .image formation in plane mirrors, electrization of bodies, behaviour of 
bodies sunk in liquids (water, oil), etc. 

The .method of work during these first lessons when the pupils' practical activity 
replaces the teacher's demonstratit^ns, becomes subsequently an ordinary way of 
learning (obviously only if the subject studied would permit it). The pupils per- 
forming some experiments, as a starting point in acquiring information and not 
simply as the applicatipn of kngwl^dge already acquired, stimulate the active 
character of the proqesi'of learning: in this way each lesson becomes an experi- 
mental lesson, affording actual learning through discovery. The construction of 
lessons, as shown above, is a first step toward the formation of prerequisites th^t 
would allow pupils in some future stage to develop an experimental activity much 
more diversified. 

2. Structuring of experHnental curriculum according to our hypothesis 

On the view of the ideas previously discqssed. experimental cunicula in physics in 
the grades 6-8 (11t14 year old pupils) have the following structure: 

- grad^ 6: 1) Pupils' approach to the^ study of physics by simfQe experiments; 
the object and methods of physics; 2> Notions of the structure of substance; 
3) Elements of mechanics. , . 

- grade 7; l) Mechanics of solid bodies; 2) 'Fluid mechanics; 3) Thermal proper- 
ties of the substance. 

- grade 8: 1) Oscillations and mechanical waves; 2) Electricity; 3) Notions of 
geometrical pptics (Experimental curricula for grades 6-8 are shown in the 
appendix). 

Furthermore, by a detailed exposition of the contents of these curricula we shall ^ 
try to point to the way in which our views have been applied. 
Sixth-graders' approach to 7)hysics is made, as already reported, by a series of 
experiments from the main chapters of this discipline so as to familiarise them 
with the elements of physics methodology. 

On the ground of tlxe experiments made during the first lesson, some basic notions 
such as observation, experiment, phenomenon, magnitude, law, etc. (already 
discussed above) are explained in respect to the assimilation capacity of the sixth 
graders. Further, the object of physics is defined and the structure of the course in 
physics as a whole is being outlined. 

Thenptionofstructure 

Substance. The next chapter entitled "Structural Notidn of the Substance*' is highly 
important as it is the first step to the understanding of the noUon of matter. The 
pupils become familiar with the structure of substance and the notion of particle, 
the lessons being taught at the level of their understanding capacity i. e. that of 
11-12 year-old children. Thus the atom is discussed on the analogy of the solar 
system pattern (known by the pupils from the study of geography in the sixth form). 
The presence of the various types of atoms (over one hundred) is explained by ^ 
their peculiar structure, the very* great number of substances resulting ^om the 
different grouping of atoms into molecules, molecular in^qrac^ons (cohesion and 
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repelling) explain also the grouping of molecules, and the occurence of iiiter- 
moleculai* spaces; v/ith the phenomenort of diffusion the pupils come to know the 
natural notion of molecules. In this way. f^m this early stage in the study of 
physics, the pupils start getting familiar with the notions df structure, interaction, 
and the substantial aspect of matter. In this way they can realize that motion is a 
natural attribute of substance manifesting itself in the very essence of the latter. 
Pield. It is obvious, however, that a» definite outline of the notion of matter is 
highly necessary for the knowledge of its othejr structural aspect, namely field. 
We assumed (and this is a deviation from' the "perfect" structure of the curricu- 
lum) that because of th€ difficulty of understanding this notion it would be better 
. to introduce it when studying some phenomena in which the field - as a basis for 
Interactions - could be better demonstrated, the pupils imagining its existence as 
a necessary hypothesis for the explanation of phenomena. In our curriculum this 
element appears when dealing with gravftation- (the chapter on "Force") when 
instead of outdated theoUes (e.g. action at a distance) it is admitted that there 
should exist a form of msxier as the basis of this interaction. The "gravitational 
field" pattern thus built will be further used in approaching potential - conser- 
vative - fields (e.g. in a study on the analogy of the electric potential). The 
notion of field ^s employed in the teaching of physics in all grades will, by su^cces 
sive approximations, acquire all the attributes that determine it (scalar, vectorial, 
uniform, stationary field; the field-particle unity; transformation of field into \ 
substance and the reverse process so that it will finally be full outlined and under- 
stood. ^ . V 
Motion. Let us go back again to the progress of the experimental curriculum. The 
notion of motion is expounded upon in the section on "Mechanics". In the intro- 
ductory chapter,^ the viewpoints from which mechanic motion in kinematics, 
dynamics, and statics should be approached, are set forth. 

In dealing'with kinematics after -specifying the elements characteristic of mecha- 
nical motion (path, relationship between spa.ce and time), motions are classified 
in terms of these elements. Further, each type of motion is detailed owl, 
Scalar magnitudes. * : 

Vector magnitudes. 

The study of velocity in- the uniform rectilinear movement is the right moment 
for discussing vector magnitude, stress being laiij on the fact that knowledge of 
the velocity of a mobile is conditioned not only by its numerical value but also 
its orientation in space (direction and sense). Finally, the graphic model of the 
vector is {^resented. ^ 

On these premisses, after the necessary mathematical rules will be gradually 
learned in higher |;rades, {he analytical representation and the mathematical 
model of (he vector will be taught as well. 

' For sixth-graders the understanding of thf notion of vecfpr is an efficient tool in 
acquiring furfher knowledge. A study of the changes occurring in the state of 
motion of the mobile (a varied rectilinear motion) leads to the notion of velocity 
variation, and Acceleration of the directional magnitude. In this way the basis is 

- laid for the understanding of the curvilinear movement and later on of the depen- 
dencies between force - as a directional magnitude - and velocity variation, aiso 
as a directional magnitude (the chapter on "Dynamics"), Generally speakings 
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a real understanding of vector TnagnitudeSvifrJBlles treating as such fc0m the very^ 
first they are being dealt with (and not as scalp magnitudes as it is still customarily 
done in ihp eightgrade school). 



Energy. The next chapter deals wit^he notion that underlines all knowledge in 
this chapter. Although the basic, primitive notion is medf 
tude that bridges the way to the other realms of physics (b 
it is not possiblje yet to circumscribe information to this 
graders lack the notions that can precisely delimit it i. e. 
force. For these pupils (sixth- graders) it is neceslary to : 
dynamics on the notion of force, since the chapter on 
to understand it by resorting to the^notion of velocity ' 
The notion of force has also the advantage of being 

dynamic and static - can be easily demonstrated by simple ^periments. By^Jj 
stu^y of fotce pupils can get .acquainted with other notions: inertia, mass, yq 
mass (density), and as mentioned earVler, the gravitational fielld. 
In the seventh form, magnitudes ^re discussed based on the no 
cai work and strength, A careful analysis of the ^notion of mecianical work enables 
one to pasS on to the most important magnitude in mechanics, namely mechanical 
energy andf furthermore, through transfer, to the notion of ene gy in any section 
of physics. An outline of the notion of mechanical energy involves elucidation of 
what mechanical system means. Only in this 'way (giving as cnany conclusive examp 
es as possible), a correct definition of potential enefgvcim be formulated 
processes in which field interaction prevails - as be^ 
to the possible motion of its constituent parts. 

Knowledge of mechanical energy is best applied in t'h^.^chaptefcoverir 
mal properties of the substance". "Heat" is shown as a mode of energy transn 
Ap approach to this chapter is made by discussing the notion of internal energy, 
According to it. bodies contain nothing mysterious called "heat" but only interna^' 
energy: they may receive or transmJ^^Kiergy through' thermal motion. 
On these lines, temperature. is not/discussed as "the state of heating" of a body, but 
as a magnitude of the average kinetic energy of the molecules which are subject 
to random motion. J . * 

In the eight form, the meaning of many notions previously approached is being 
elucidated, complete^ and more Thoroughly dealt with. In the^eh^pti^r on "Oscil- 
lation? and mechanic wav^; acoustics" stress is laid on the continuous -ondulating. 
aspect of matter,. Under "Electricity" the el^tric field and the magnetic field are 
discussed as we-U as the relationship between electric aj(id magnetic phenomena. 
Pupils mgy go. deeper into the notion of field so that the unity between the two ' 
aspects of matter, substance- field, can be emphasized. In the chapter regarding 
the "Electrokinetics", the study of electromagnetic phenomena - as interactions 
of the magnetic field with electric conductors - points to the fact that in case of 
these phenomena the naagnetic field has no influence on the el^tric current \ 
(which is a process) but only on the conductors in an electroklnetlc state. Thd 
notion of energy is better understood by studying the*^ electric potential on the * 
analogy of mechanical potential energy. * ' . , 

The notions of optics, which conclude the eight-gradexurrlculum, resort to tihe 
Information storejd In the chapters on "Oscillations and Waves" and "Electricity" 
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affording a b/etter understandings In a first approximation, of the electromagnetic 
notion of U^t v/aves. 

The feWyiwcamples given so far were aimed at illustrating 'the Vay in which our^ 
views «>n the teaching of the basic notions of physics in the eigjit- grade schodi 
havcifeeen applied to our curricula. The results obtained by testing these curri-" 
cul/ v/ith the help of some textbooks also worked out by the Institute of Pedagogi'* 
caljsciences allo^ us to state that ouN;work hypothesis was checked' by practical 
activity. ^ • 

Draft curriculum In pjhysics for the elementary schools - * 

1, Pupils' approach to the study of physics by simple experiments 
Experiments performed simultaneously by the whole class. Phy^cal pheno-^ 
mena, measuring, physical law. Physics as a science of nature. Research 
methods In Physics. The Importance of physics in the knowledge of natural 
phenomena ancf .technology/ 

2. Structural elements of the substance 

2.V Notions of the structure of substance ' 

2. V. r Introducftion * . " 

2. 1. 2 The atom; the structure of the atom. -The molecule. Simple and comple;?^ . 
substances, ' . 

2.1.3 Molecular interactions . ' \ 
Molecular attraction (cohesion^ Molecular repellence. Interhiolecular 
spaces. MolQ^ulaf movement. - / . 

2.1.4 Body, object. 

1 Special properties of the bodies. General properties of the bodies 

(Divisibility, expansion, tmpenetrabiiity, state of aggregation and Inertid). * 
2. 1. 5""The states of aggregation explairfed with the help of knowledge of-the* 
structure of substance • , 

• 3. Elements of mechanics ' . . ' 

3. 1 Introduction . " ' 
The object of mechanics. Mechanigal motion. 

* Relativity of moflon and rest. * j 
, * • The chapters of mechanics. 

3. 2 Sbme notions of kinematifcs. 

3.. 2. 1 Elements of motion. Measuring of space and time as physica^magnitudes. 
/uClasjification;of motions by path and the space/time ratio. 

3. 2. 2 Uniform rectilinear motion. Velocity of uniform rectilinear motion. 

Velocityr measuring units. The velocity/ space and the time ratio. 

3.2.3 Velocity, fts vectot^magnitude. , 

/ Characteristic Clements of a vector. Graphic representation of a vector. 
Comparing vectors. 

3.2.4 Varied rectilinear motion. Velocity variation. 
^ Accelerated-and decelerated motion. 

» Mean velocity. v 

3. 2. 5 Circular motion. 

Uniform circular motion. 4, 

96 ^ ' . ' 

£ 95 




3.2.6 Oscillating motion; periodic^ motion.'^'' 
. 3„ 3 ' Some' notions of dynamics. 

3. 3. 1 ^ Force as body interaction. 
,3^3.? Law of inertia. MasSv Measuring of mass. 

Mass measuring unit. Density. * * , 

Body tiea?ityexperlmentally determined. 
3, 3". 3 Force as vectpr magnitude. 

3. 3.4 Effecfl of force: a) static - body deformation; b) dynamic^ - velocity 

vector variation. Force/velocity vectdr variation ratio. 
^ Measuring force. 

Force measuring units. 
. 3. 3. 5 Gravitational force (gravity). Gravitational field. 
Pressure. Pressure measuring units. 
3.3. 6, Friction force. 

-3. 3. 7 Centripetal force and centrifugal force. 
''Applications. 

3. 3. J Elementary notions of rigid body matidn. 

Translation and rotation. ^ ' 

4. * Mechanics of solid bodies* 

4. 1 Energy and mechanical work * 

4. 1. 1 MechA'niCal work. Measuring units of mechanical work.. 

4.1.2 Mech'anlcal force, pqrce measuring units. Mean^force! - , 
Effic(^ncy of machines, * " . ... 

4. 1. 3 Mcch^alTlcal energy. Mechanical system. Kinetic^and potential energy, 
LaWof energy transformation and conservation In mfechanical processes. 

4.2 Stoics. ^ ^ ^ 

4. 2. 1 Cehtre-of gravity. Theoretical and experimental determination of the 

^ cenVe of gravify.-Significance of knowledge^of the centre of gravity of 
* the lody, . ' 

4.,2. 2 Equilibrium of suspended and supported ^bodies. Stability of supported 
bodife' 

4.2.3 Si;i^e machmes. Levers. Sheaves. Inclined plane* Weclge and screw.. 
Efficiency of simple machines. , * * 

5. Fluid mechanics ^ 

5. 1 Statics of flul"ds (Hydrostatics) 

5,1.1 General properties of fluids ^ • 

5. t. 2 Hydrostafic pressure , , 

5,1.3 Transmission of pressure through fluids. Pascal's law. 

.Communication vessels. Practical appli9ations of the principle of 
communication^ vessels (level gauge, artesian welk, sluices, hydraulic prei 
etc.). ^ - ■ * * 

5L.1.4' Pressure Jorces acting on a solid body surtk in a liqqld; 
>\ Arch^m^es' law. Testing of Archime'des' law. Floating of bodies. 
Applications of Archimedes' law. ' ' , 

4.2 Statics of gases (Aerostatics) " * ♦ » 
5,2. 1 Air pressure. Determination of air pressure value. Barometer. 



5. 2. 2 • Compressed and "air- free g^es. Compression pumps and suction pumps. 
Measuring rnstromcnts for gas pressure (manorpeters). 
Pnmps for liquids. Suction pump and suction repelling pump. , . 

5. 2. 3 Afchimedes' law, applied to gases. Archimedes* law experinientally 

.checl^dl Baroscope. Practical importance of Arehimedes* law: aerostats, ^ 
regi'^ering ballons, cRrigibles. . 

6. > Interna) energy ' * ' . ' ' 

6. 1 * Jttitroduction. Internal energy. Heat as a form of energy transmission 

^^from one body to the other, 1 
On temperature and the quantity of helat, Measuring the quantity of heat; 
calorimeter; Law orener^>transfoTmation and conservation in mechanical 
and thermal processes. \ 

6.2 Transmission of thermal ene^. Sources oHhermal energy. Thermal 
Conductivity, convectiA and N^iation. . 

6. 3 Expansion of solids, fluidJ and ga^s. ' ■ 

Measuring of temperature. Thermometers. . 
6.4 Altciation of the state of aggregation. . . - 

- Meltwig and fQlidijC'c-ati^'n. . * ' 
^ Vaporization arftfevappratlon. 

Condensation and distillation. , ^ 

7. Oscillations and mechanical waves. Accoustics, " ^ 

7.1 Oscillating motion. , ^ - , 
7. 1. 1 Specific magnitudes of oscillat4ng motion. • '\ 

Diagram of oscillating motion. 
7.l,g Free dscillatidns; damped pscillations. 

r.\. Z Forced oscillations; mechanical' resonance, *^ ( ' , ' ' 
7. 1.4 The pendulum. 'Applications. " ^ ^ . 

7.2 Propagati£>n of oscillations in an elastic medium. -^s..*.— ^ 
Transversal and IdhgUudinal waves. 

7.3 Accou^cs. ' • , * 

7.3.1 Sound production Sud propagation. ^ 
7.3. 2 Properties of sound. 

7.3.3 Sound reflection. 

7.3.4 Accoustic resonance; applications. 

8. Electricity . ' . ' * 

8. 1 Electroaccoustics. ^ 

' 8. 1. 1 Introduction ' ' 

8.1.2 Electrization of bodies. Interaction of electrized bodies. Electrostatic 
field. Conductive and non-conductive bodies. Electronic interpretation 
of body electrization. 

8. 1 . 3 Electric potential', ^ potential differences, 
fi. 1. 4 Electrostatic devices (Van de Graff). 

8.2 Electrokinetics. - 

8.2.1 Electrize current production. Electric generators. 

Electric circuit; sense of current. Electronic interpretation of the electric^ 
current. Effect of electric cyrrent. ^ 
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8. 2. 2 Current Intensity, Current intensity measuVing unit; Amper (SI). 

' ' Constant of non-branched current intensity resulting .from the conservation 
of the quantit)^of electricity^ ♦ " • 

8. 2. 3 Electric tension betwecB two points of the circuit. . . 
, Resistance of'^ conductors. Resist ancJe* unit Ohm.. Ohm's la-w for a portion 
of the circuit. Series and parallel arrangements. • \ 

8. 2. 4 Electric enexgy. The energy deteloped in a circuit through which afn 
electric current is passed. El^tic energy nnit; Joule (watt sec). 
Electric power. .Power unit: the watt. Multiples used in practice. 
^ Kil6Vatt f for^^power), kilowatt-hour < for energy). Electro caloric effect. 
Joule's law; applications. 
8.2. 5 (Chemical effect of electric current. Electrolysis and its technical 
applications (in short). 

8. 3 Electrorpa^etism. /^V • ^ 

8.*3. 1 Magnets, interaction of magnets. Magnetic field. Thfemagnetic field 
of the Earth. The^ compass. 

8. 3. 2 Magnetic field induced by an electric current. Electromagnets; technical 

applications. - * 
8» 3. 3 Effect' of a ma^etic field on a conductor through which an electric 

current*ls pa?^ed. Electromagnetic force'. Ftffidamentals of the electromotor. 

9. Notions of optics. 
9.'1 - The nature of light. 
9. 2 Propagation of light. 

Sources oP light. Rectilinear propagation of light. Velocity of light. 
Shade and half- shade. 
9. 3 Reflection of light. 

Reflection lawa. Plane mirrors. Ipotiges in plane mirrors. 
Spherical mirrors. Images jln^ spherical mirrors. Application of plane 
, > mirrors and spherical mirrors. 

9.4 . Refraction of light. ^ 

Refraction laws. Prism. Converging and diverging lenses. Images in lehses. 

9.5 Optical instruments and apparatus. - 
The Camera. The eye a*-^in optic device. Projetitor. Cinema. 
Magnifying glass. Microscope.' ^ I ^ 
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E. Balasubram^niam and f.M. Brazier ' ' 

Problems of teaching physics concepts to New Guinea students 

s * . . * " • . ^ ' . 

(Paper read by^E. Balasubramanlam) * — 



In the continuing study of science two important ^r6as of knowledge and under , 
standirig have been uncovered; the one to do with materials; the other t6^do with 
man. Ever since civilized C9mmunities begCn there have been intfmate relation- 
ships between men and the rnaterial fa^bric of their existence. For instance, the ^ 
Effectiveness of the boomerangJs determined not only by its physical characteristics 
- 8ha^5e, weight, angle of twist, type of wood and so forth, 'but also by the physi^cal 
aiul mental attributes of the thrower - motor skills, attitudes controlling the use of 
the boomerang and knowledge of the situation in which the weapon is to be* 
used. . ' 

Similarly, the development oftbese man-machine systems 4Tiay be traced to pre- 
sent day. Th)is the boomerang has been replaced by intercontitiental tnissiles with 
hydrogen war hea'ds and a sophisticated agression detection and control analysis * 
system for piding man in his decision making process, whether or not to strike, to 
kill or be killed'.. But what ever the degree of complexity, man still rnakes a sirriple 
final yes/no decision, \p the one case the Aborigine has obtained his supper; in the 
otfier many will be denied their last supper. ' ^ 

It is the understancling of the basic laws of the Universe and the understanding of 
behaviour and the social sciefnces fhat permit us not to be slaves to a machine. 
Our presQjit attainments have been reached largely ori/the basis of an, understanding 
of the natural laws and the application of these lawsrib devising improved and more 
efficient machines that can produce Increasingly more goods 'or services for lower 
and lower costs, for we have not until relatively recently'begun to seriously con- 
sider mfikfng machines man's slave. 

It is hoped therefore that students not only acquire the motor skilMo build roads,, 
power stations, factories and cities, but also achieve an understanding: of the basic 
sciences governing the laws o%these materials as well as tl^e social sciences; thus * 
they mil indeed be working slowly but steadily toward satisfying the deeper needs ; 
of life. ' 

Our irnmediate problem is to devise a teaching-learniijg environment which will 
meet the needs of those who are,influenced by it until well into the twenty-first 
century. The problem is similar to that of trying to predict from a picture ofJife 
a generation ago the -nature of life today. 

^Although education has traditionally charrged and evolved with time, there are a 
number of indications {hat the next twenty years will witness changes which are ^ 
different and more revolutionary than those in^he ^ast. The causes are on-the one 
hand, the technological revolution which is forcing society and commercial and 
educational enterprises into dynamic form^of behaviour and. on the^ther, the ^ 
emergence of higher education as a major competitive and economic f6rce. • 

< * « " 
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Th^e trends will chai/ge both the {pxm and the context of education and training. 
The centtal problem education is to anticipate the new situations and to train 
.technologists capably of coping with them. As a consequence, educators are con- 
fronted with several^ key problems. They are sumriialrfsed be\ow: 

A. Thfey must be able to foresee and prepare fop'the changing relationship 
between the trained technologist and his environment. 

B. Tlrey must-Unaerstand and interpret the changing nature of education and 
training. 7 . , . 

C;.'[hey must bk active In developing the edu^tlonal technology needed by a 
J> changlhg soblety. / - ' ^ 

' D. They must /traHi and educate for a largelrlfnknown Tutilrer » ^ 

E. They must/ provide graduates with skills and opportunities for career long 

learning./ ' * , % 

A formal hlygher learning environment may be cfiaracterlzed by Wto Inte'rfaces / 
- School anpd Higher Learning Institution and Society." . / 

At both Inlerfaces'there are complex problems caused by different expectations 
and sys^jhs of values. But one thing Is certain, the more successfuUof the- graduates 
of a highfer learnfhg environment are those->/hosi2 motivational characterlstlcsare 
' such as fo drive them to cc^tinue their own education. They have learned InNp / 
learn Without the continuing aid of the!; teachers or tutors, ' . ' 

In a ra/pldly changing society such as-Papua/New Gxiinea. the knpwiedge, 'sk'ills 
and iE5§i,ghts which are accentable by graduated at the time of graduation tend to 
decay unless they are continuously utili. ed ar\d replaced. • 
Tha/papua and New Guinea institute of Technology realizing its re^pons^^rilities 
as tne only institution that trains professional engineers, surveyors and architects . 
in/the territory, hopes to give «t%idents^an understanding of the fundamental con- 
cepts of Science as well as training fhem towards self learning in order to be highly 
/elevant to the particular so^ety In which they will pra^^tise their professions.. 
P,apua New Guinci has an even shorter 'history of science- education than most 
developing countries In the world. It was only In the l930*s that the Inhabitants • 
of the jilghldnds of New Guinea were discovered and only recently has law and 
order been established in some areas.* 

Considering the country's short history, education has been quickly established 
and secondary schools were started In 1957. it was not "however until 1960 that 
Science was Introduced t6 the high school syllabus. Because of Papua New Guinea's 
close ties with Australia, the science syllabuses since then have been strongly 
iniluenced by Australian secondary school science courses, especially those of 
. jjNew South Wales. An Independent science syllabus Is however gradually being 
/developed as experience and manpower, become available.. 
A number of studies have been made of the development of the scientific concepts 
am'ong Papua New Guinea students.. Generally these have tended to be based on 
Piaget's work and have^shown that concepts of conservation tend to be grasped by 
a student some years later than expected In a western society. Such results raise 
problems for advanced ternary science teaching. ^ 
Students enter engineering cpurses at the Papua and New Guinea Institute of 
Technology after a minlmum'of six years pnrlmary education followed by four' 
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years secondary education. TKls' Is gradually being extended to six years secondary • 
education. There was one such Senior High School in the Territory in 1971 andx 
another opened at the commencement of this year. 

This Physics Department has been using tests developed by the Australian Council 
for Educational Research (A.^. E.R. ) to determine students' readiness for further 
studies' of physics. These tests are designed to test fundamental generalizations 
upon Which further concepts can be developed. 

Results indicate that students at entry to the Institute have a background of science 
concepts similar to that of an equivalent Australian student about one year earlier 
in his education. Teaching^at the Institute tends to recjuce this gap noticeably in 
the first two years.' 

No obvious .cultural differences haVe been observed in background, knowledge of 
scientific generalizations. As practically all science education is by expatriate 
European staff using only English as mc4ium of instruction, this lack of cultural 
variations may be the result of the education process, showing that only those 
students who ha'd adapted to the western style scientific education have been select* 
ed for englne^lng courses at the Institute. Some cultural differences may be dis- 
cernible if testing^ were performed 6n the much wider populaiiton of all high school 
students in Papua Tie w Guinea. ^, ' 

Altkoueh students selected for the Institute are from the upper ability group their 
knowledge of scientific generalizations is well below that expccted'of a tertiary 
student in 'a developed country. As a result much of the instruction during the first 
two years at the Institute is closer to that expected during secondary education in 
a western culture. 

As mechanics forms a major part of the early physics cours^here is a -strong ten- 
dency to follow tfie P.S.S.C. approach, particularly inte^ating expcuinfents with 
fdrmal lectures and less formal tutorial work. 

because of the generally mountainous terrain In New Guinea the basic concepts 
inyolved in uniform motion on plane surfaces need careful development. Firstly 
plane surfaces are uncommon in the villages and motion of objects normally ob- 
served (e. g. rocks rolling over the ground) is far from being uniform. It Is a big 
stepjrom natural phenomena to/the Idealized world of rectilinear propagation. 
Similaf large conceptual steps iwlll be found to be necessary for many areas of 
physics. For example electrlc/ty Is unknown In most villages and the pnly ex- 
periences students hav» had of Its existence are through their formal high scl\ool 
teaching. It Is hoped, however, after three years at the Institute, that students can 
appreciate mobility of hojes and electrons In a semiconductor material. At ^his 
stage It •Is.welKworth while mentioning nn experience one of our lecturers had 
which may bei>f value to you. He*was leaching about tension. To make Unrealistic 
he said, "Imagine you have a lift full of people and |t goes down on*a wire cable. 
Find out wKat the tension Is In the wire. " He went through the example very care- 
fully and slowly and gave them some problems to do. When the problems came . 
back. It was quite obvious that tl\e students had no Idea of what he had been 
talking about; It was cbn^pletely hopeless, so obvfoufly something had gone, wrong'. 
So \ie went over the topic again as clearly as possible pleading. "If there Is any. 
7^ , point here that you do not understand, please^ let me know what It Is". One student 
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• rather hurriedly asked, "What is a 1 ft?" Th^as whole* prdBlem then; the 
students had no concept of^v/hat j lift was. 

It jbsras thought by staff that stud@ts In Papua ^ew G^nea would have particular 
difficulty with the concepts of elec ricity. Although it has bee^foubd that thfs Is 
a problem ar^a for students, it would appear that they are havirrg no more difficulty 
with it than their Australian counte parts. \ ^ *> 

Despite the fact that there are inherent difficulties with the use of water analogies^ 

• for the teaching of current felectricitv, the terrain of New Guinea with its n^imerous 
Vipers flowlng7rom Highlands to coa^l^ds naturally to the use of such analogies. 
Ml students^are familiar with the flovAfro^pne area to another and then on to a 
further area and hence can visualize sen|^urrents. Similarly they have observed 
branching of the stream to go 'around ^w^bstacles and th'en^^ joining as one 
stream as in parallel /currents. 

Gravitational potential changes are readili^bservablte with m^ny streams and 
hisnce the additive nature of pbtential changes in a series systbm can be deduced. 
Parallel stream flow with equivalent potentia\changes can al$o be observed- despite 
dissimilar flow around various branches. Trans^rs to equivalent situations in the 
laboratory are generally satisfactory provided a Ibultiplicity of meters are used so 
that students c$n monitor everything without the Vlack magic" of pulling a cir- 
cuit to pieces to re-locate a meter in some other bkanch. For example it is §vly 
after a number of practical cases of series resistors wth current measurements 
before and after each resistor, that a student is conviiftced of conservation of cur- 
rent and will be content with only one ammeter in a ^anch of a circuit. 
It' is from this basis of conservation of current that a cpncept of current flow is 
developed and hence a "life cycle" of a charge mowig in a circuit can be deve- 
. loped. The maxim of "from the koown to the unkn>wn" is therefoF§ used in this 
and many other areas of concept development. 

Development of concepts is aimed at by varie^y^ Df measures and a wide range of 
Mntegrated teaching proc^(?dUres is used. In optics for example* movie films, over- 
head projectuals, single concept film loops, prograpicR^d texts, ripple tank experi- 
ments, optical disk demonstrations, experimental ray tracing etc. are used in con- 
junction with fo];mal class instruction. The student, through his dired:t involvement 
in these activities and via assignments and tutorial exercises is able to obtain feed- 
back and determine, how he has grasped sorRes|y^rticular step. 
Consider for example cassette recorders and Instruction Booklets which havj^ been 
used for three maifT purposes. 

Firstly, to'teach the students to use laboratory equipment e. g, rrticrometer. slide 
rule, desk calculators and cathode ray osdllloscopes (this sCipplements instructions 
for the class as a whole). 

Secondly to teach the students the art of solving problems. Many students Haye 
difficulties in actually working out what the problem is about and hence they must 
be* taught how-to go about solving a problem and how to set out a solution. 
Thirdlysw to revise thfe basic physicaHheories in a section of the course. 
In problem solving the following procedure is used. 
Ea^ student individually works fjirough the following questions; 

I) What is the questio\i asking. ' , 

II) What is given in the question. 

\ ^ 
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^ (III) Which part (or parts) of the course is , the qiTestion associated with. 

(IV) Revise those parts of the course. 

(V) What are the relevant ecraations. 

(VI) What 'Is the first step. J 

(VII) Solve through to the answer, one step ^t**4ffme. 

In a world where there is so much to learn and know, concepts- provide an intellec- 
tual economy in helping to organize large am9unt8 of information; this is the way 
concepts serve scientists, and it is also the way concepts can improve learning;. 
There is too much to be known, to expect it can be learned by rote and as Isolated 
facts. But a large amount of information can 1^ organized into a few concepts. 
Systerns of related concepts can then be built to form principles or rules whereby 
students ^re able to interpret and explain ne^^pbsel;vations and experiences. 

/ ■ < ' ^ . ' 
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l^rM/Villis 

A product of their country ^ 
(Paper rea4 by E. ^alasubramaniam) 



' The tangled hi^ory and geographical complexity of F^pua New Guinea are nowhere 
mpre apparent /than among the students now crowding Vnto that country's Institute 
of Technology lln the town of Lae. 

'The students are d^awn from all but one of the major aiiministrative districts. Some 
are from remote highland valteyS where the most common tool is still the digging 
stick and others are from urbanized families that have beW speaking English for 
generations. Some are from the great inland rivers and swamps, others from' the 
coral atolls and still others from the wftlUng savannah lands. In class ttteir faces 
betra^the great diver'sityr qf 'their country's racial co/nposiMon; out of class, when 
official pressure to speak English is absent, the vernaculars they break into among- 
their closest friends are a fair sample of their country's seven hundred dr more, 
linguistic and "tribal** divisions. 

The only common denominator amidst this variety is the fact\that,all are under- 
fakinjg courses in west^n technology, which they will one day\be expected to gear 
to the peculiar demands of Papua New Guinea. .To generalise on Papua New Guinea 
is therefore hazardgus; arid'in doing so one will invariably do it^ people an injustice 
by perpetuating the well wgtn cliches of the tourist guide books. \ 
Outsiders with little knowledge of Papua New Guinea usually havV one mistaken 
impressibnbf the word's second largest (after Greenland) island, berhaps because 
the international new^^ media stilf perpetuate the myth that Papua New Guinea is a 
wild andtinaccessible; jungle clad land, peopled by ferocious cannibals or bead-^ 
hunters and plagued with malaria; a country where Australians, Japanese and 
An^ericans b'riefly fought during World War II but were only too anxious to leave. 
The myth, of course ,ha5 elements>of truth, but takes no account of the fact that 
today is Papua New Guinea is being propelled towards independence with dizzying 
speed and as modern social, political, commercial -and industrial instritutions are 
being built up, .the country is changing, Papua New Guinea is in a transitional stage 
and thus shares many of the features of other developing nations. As I d\scuss the 
special problems of our students, this fact should become obvious. 
The students at the Institute are taking a wide range of courses at both the diploma 
and degree levels*, that is, they follow four and five year programs after having 
completed at least four years of secondary ec^pcation. The courses currently offered 
are Civil, Mechanical and Electrical Engineering, Surveying, Architecture, Buil- 
ding Science, Accountancy and Business Studies. It is hoped that eventually 
courses in Industrial Geology, Mining Engineering, Chemical Technology and 
Pharmacy, Agricultural Economics and Agricultural Engineering and Science and 
Technical Education will be added. 
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The student .body reflects Papua New^j&ulnea's varied cultural background, though 
it does so unevenly. In 1971 the Institute drew nearly all ot Its intake of 163 new 
students fropi all but one of the eighteen administrative district of Papua New 
Guineav though a small number (7) were returning from education In Australia. 
Two students came from the British Solomon Islands and one from Nauru. Only 
two were Europeans and there were several "mixed/ace"; the rest were Papua New 
Guincans. Of the 153 Papua New Gulnean students, 114 came from thirty govern- 
ment high schools and junior technical colleges while 39 came from fifteen high 
sch^s run by the Christian missions. Most (129) entered fir^t year Institute courses 
^ft« having completed the four years of the Papua New Guinea secondary school 
program, while the other 34 entered second y^ar courses directly after additional ^ 
stiddies, either overseas or at PapUa New Guinea's one senior high school. 
The tqial^nrolment at the Institute In 1971 was 308; and. once more, although 
^ all di^icts but the remote Southern Highlands (where seiconcjary education is still 
in i\% infancy) were represented in this figure, jome districts were disproportiojiately 
represented. For example, th^ Central District (the area around Port Moresby i the 
country^s capital) sent us 22%of total enrolments, the East New Britain District > 
(the area for which Rabaul, the pre-war capital of New Guinea, Is headquarters*! . 
provided 1 4^0... while Manus Island (the smallest district by population but for long 
an area of almost universal primary edifcation) accounted for 10%. Yet these 
districts combined amount to only 10% of the country's population (Central, 5. 1%; 
East New Britain. 3.9% and Manus. l%). / 

On the other hand, the populous but. until recently, neglected highlands districts 
sent very few students to the Institute. The figures for the four highlands districts 
were: Eastern Highlands, 3%of Institute enrolments; Western Highlands, 3%; the 

'Chimbu, 2%; and Southern Hlghlahds, 0%*. The Institute enrolled Its first two 
students from the Southern Highlands In February 1972.^ The four highlands districts 
however, account for four fifths (39. 83tt°^ country's total population (Eastern 
Highlands. 9. 8%; Western Highlands, 13. 8%; Southern Highfands, 8.4%; the 

^ Chlmbu,. 7. 8%). We thus have a situation where 40% of the country's population 
provides us with 8% of our students whereas 10% of the populatibn/provldes us with 
46% of enrolments. * 

Such a great imbalance reflects both the country's history anS^its present poli^^st' 
The highlands were the last explored of P. N. Q.'s" last unknown". It was not until 
the mid-1 930s that European explorers broke ihto the populous valleys of the 
central cordillera and serious developmental -works only began there in the early 
1960s. The coastal district and In particular the areas ground the big coastal towns. 
Port Moresby. Lae, Rabaul and Madang, have had European settlement and Western 
education since well before World War I. The peoples of these towns are the most 
sophisticated in the ways of the west, supply the leadership of the progressive and 
radical political parties and fill the more senior positions in, the public service. 



• Before World War II the Australian government administered Papua and 
New Guinea as separate colonies. Legal union as Papua New Guinea came 
only several years after the war. • y ^ ' ^7 
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It is this group that is the vahguard of a grov/ing movement for independence from 
the tH^etropolitan nation, Australia. The high Landers, on the other hand, are con- 
scious of both their lack' of development and of their numerical strength, which 
they have thrown behind the main conservative party, a grouping dominatod by , 
white planters and traders who have obvious reason for resisting independence^ 
The highlanders are vehemently for delayed indoi^jidenbe because they want a 
continued Australian |5resence. They see that as fhe best guarantee that they will 
obtain sufficient education to share equitably in the leadership of government, the 
public Service, commerce «and industry. They ar^Jiighly suspicious of tt^e educated 
coastal elite, which in turn scorns them for their "primitiveness" but tears them for 
their natural agrcssiveness and numeric alltciengtii, ' 
The divisions within Papua New Guinea and the tensions these generate can easily 
be seen among the Institute's students.* The students, coming as they do from all 
ends of the country, have been herded together with students from other districts 
of Papua New Guinea, perhaps for the first time in thelt lives. Living in a western 
style of institution with each other, speaking English and meeting westerners, they 
are under considerable pressure to lead a life that Is, in the terms of their own back- 
ground, unnatural. They are inevitably torn away from the life style of their own 
people. The personal cost of this in maladjustement and alienation is high and is, 
perhaps, reflected in the high wastage rates at the Institute,^ and indee^rt all other 
tertiary educational instftutif ns in Papua New Guinea. ^ 
The way in which the divisions and tensions of their country affect the students 
perhaps niay best be illustrated by the case of Nr an Institute student wh()m most 
stfliff members would describe as' "average" or "typical"^ N is a final (5th) year^ 
diploma student in Civil Engineering. He was drafted into the diploma stream 
fiift'een months ago when his exam results showed that he was not coping adequately 
with the more advanced work of the degree course. Before reaching the Institute 
he had spent four years as a boarder at the governmeht high school near Wewak on 
the far north coast and prior to that had had several' year^ at the school on a govern- 
ment station inland from Wewak. ^He had begun his school career as a five year old ^ 
-"Prep." in the local village school run by the Christian mission. He showed that-y , 
he was bright from the very start, soon 'outstripping the other "Preps. " many of 
whorri were as much as nine years older than htm.^ N is npw nearly 'twenty, so that 
he is rather ypung to have reached the lev^l he has. 

N's father is ^n411iterate subsistence farmer with five living children. The oldest 
child is a. deaf mute who sits in the village all day doing little because he is Vegar- 
ded as longlong (mad) by the other viUagefs. The second son was highly intelligent, 
and was studying at P.N. G.'s only senior agricultural college when he died six years 
ago. lie was a victim of a spell cast against him by a sorcerer from his own tribe 
who had been working as a plantation labourer near the agricultural college. When 
he discovered he had been made the object of 'a magic spell, the youth fell into 
a state of ddep depri^sslon and simply wasted away: he died in a govermnent hospi- 
tal about a month later.. Neither the efforts of his father and missionary, who had 
flown to Rabaul to be with him, nor the European .doctors could save him. The ^ 
sorcerer's motive was apparently jeal^ousy of the boy's success. 
N*^s family live in a village of about five hundred people in the Yangoru area 
Seventy *m{les across the coital range from Wewak. It is a^^egion that was first 
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opened up in the Idfe- 1920s by labour recruiters, gold prospectors and missionaries 
. and the government bf fleets who follov/ed them. Yangoru is an overpopulated 
area^where the rihtural rainforest wat; fong ago destroyed by continual slash and 
burn agriculture. Most of the people s^ie subsistence farmers practising shifting 
agriculture, whffch they supplement by hunting wild pigs, small marsupials and 
rodents, fniit.bats and'small birds. Each year the coarse kunai (alang alang) gra$5 
that -has replaced the rainforest is .fired for new gardens and for smoking out the 
garne hiding thejre. The staple foo^s are sweet potato and sago, thou^ yam, taro 
and manioc are also grown^ 

It was hardly suprising that in 1971 the Yangoru area became the scene of one of ^ 
P. N. G.'s biggest post-war "cargo cults" ."The "cargo cult", a phenomenon of the 
Melanesiai) islands, is a millenarian jnovement brought about by the people's 
frustration In their poverty and inability to achieve the.high material standard of 
living of westerners. ^Cultists believe that the manufactured goods qf westerners 
, are not man made Sut have divine origin. Such .movements often Indicate proto- 
nationalism and have a strong undercurrent of anti- foreign sentiment. The usual 
feature Is that one or several visionaries believe they have discovered the "key" 
to'the "cargo" (western manufactured goods), the Secret of which white men have 
selfishly been withholding from the Indigenous people. The visionaries Instruct ^ 
the people In the procedures they should follow for "unlocking" the "cargo", 
which Is then expected to eome flowing In via cargo boats or transport planes. 
The Inevitable failure of the cult Is usually rationalised away. 
The Yangoru cult centred ort the tallest mjountatn In the area, Mt. Turu, on the 
top of which an Anoerlcan survey team erected a concrete trigonometrical marker 
about ten years ago. The cult broke out after a former Catholic mission teacher 
had vl8iV)n which told him fie was to be a second Christ. If he wtiie to be sacrl- 

/ flced on top of Mt. Turu and his blood allowed to flow onto the concrete marker, 
his people'could remote the marker and discover the "cargo". The marker, he 
maintained, had been placed there by the government to conceal the ^' cargo" 
from the people. Eventually the visionary was not sacrificed, though tb«c marker 
was dug out amidst great ceremony In the presence of several thousand villagers, 
' carried downhill and deposited outside the government office at Yangoru. The 
"cargo" did not appear, but the removal of the marker served as. a 'gesture of the 
people's discontent. The cult embarrassed N and the haridfyl of other Yangoru 
students at both the Institute and the University of P.N.G>T^y became the butt 
of many Jokes from other students who were convinced ffi^t th^^ oWn jpteople 
^ would, never do anything so foolish. \ 

N was In his third year of high school when his older brother died from sorcery. 
He was badly shaken by his brother's death, but as third son he now became the 
focus of the family's aspiration. HTdld well.enough In his final high school year 
to gain a government scholarship to enter the Institute* He thus became one of 
the select monlrlty of secondary sehool graduates who receive higher (Institute or 
University) education. Qnly about 40% of the children of P.N. G. receive primary 
education and of the^e about 15% drop out before reaching the final, year of primary, 
Standard Six. Of those who complete Standard Six- only about 33% go on to secondary 
educatldn. Only about 5% of those entering the secondary schools go on ta^hlgher 

— ^ tertiary education, so that the ones eventually reaching the tertiary Institutions 
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represent about. 5 6^0 of those who were ori'ginally eligible for enrolment in the 
primary schools. The pressure on students to conform, to discipline themselves 
and'to succeed at regular examinations is therefore- intense. It is hot a system 
designed to cater for the needs of the slow learner, the non-^conformist or the ^ ' 
lethargic. N and his colleagues ^t the Institute are therefore a highly select elite, 
the end result of a rigerous selectfon program aimed at weeding out all but the*^ 
mdst diligent and most capable. ^ 
Once they are in the tertiary institutions the pressure to succeed continues as theje 
are few places and the wastage is hiigh.^ The Institute, for example, has an annual 
wastage rate of between 20% and 25^o and this is probably typical of the other 
institu^pns. The personal cost of all this to students i$ high because anxiety over 
studies becomes a constant fact 6f their existence. The student who drops out feels 
keenly that he has failed and that his failure has sent crashing the aspiratioits of 
both his family and hfs'village. The greatest disappointment of N\s career so far 

-has been the fact that at the' end of his third year at the Institute he yas channelled 
into the diploma rather than the degree stream. Perhaps that is ^hy he screws up his 
eyes and guffaws when he is nervous; it may'also*^e the reason foi his extreme 
politen^s and deference in' the presence of strangers, particularly Europeans; and 
it^may also ^plain why he cracks his knuckles absent minde.dly when he is think- 
ing deeply. . ^ 

j^espiie its tensions and anxieties, however, life at the Institute has been a liberat- 
ing experience for H, At high school he was always the sm^Uest boy In the class 
and was thus the object of considerable bullying. He has now matured physically 
and has become a respected member of both the hockey and soccer teams. He has 
an ^ullient outgoing personality and is very popular witb. both his colleagues and 
his (mainly European) lecturers. His main social 'diW^ons apart from sport are 
drinking in one of Lae's taverns on a Friday ot Saturday night after pay-day (after 
completing secon(j[ year at the Institute he took up a scholarship, offered by an 
oil company, which gives him an allowance of $ ^o^^^qnih on top of his foes, 
books and living expenses) and attending films and dances at the Institute or^in 
Lae, six miles away. He is a relatively affluent student byjocal standards - 
students on government scholarships receive an allowance of $8 a month only and 
the urban cash award in Law is $7 for a 40-hour week. He can thus afford luxuries 
such as a radio and a record player and smart clothes that are the envy of his vil-' 
lage folk 

N is very religious. The Yangoru area is famed for its haus tambarans (spirit houses*), 
lofty spire shaped constructions containing the regalia, wood carvings and bark 
paintings associated with the male cult of the traditional religion: Nowadays the . 
Yangoru are at least nominally Christian though much of the outer form oihhe } 
traditional religion is maintained. There'is a bitter rivalry between the Catholic 
(Society of the Divine Word)Jand pfotestant (Assemblies of God) missionaries for 
the allegiance of th^fang^ ar>d western religion /emains one of the decisive 
issues in each village/Tnough a numbei^of his educated young wantoks (tribesmen) 
in becoming westernised have also been secularised, N has retained his Christianity, 
which still has a meaningful message for him. He at^nds the Student Christian 
Movement meeting at the Institute and worships regularly on Sundays, rising early 
to make the bus trip into Lae. ^ , ' . 
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N, who on his arrival at high 8ch90l in>^ewak al^ttfyears ago was a man'abus 
(•primitive fellow from-the bush), is now westeniised and sophisticated. He recently ' 
spent six months in Melbourne. Australia, gaining practical experience with the 
oirfirrfi that sponsors him,' as part of his course of study. It wasiiis first trip to 
Australia: an excursion regarded by many of his- countrymen asme ujtimate sophis-»v . 
tication. WhiKhe was therfe^ he enjoyed his life as a joung executive. , He bought ^ 
expensive, fajhionable clothes, diped at chic restaurants, attehded the theatre ahd 
parties and dated Australian girls. He was nevertheless glad to g^t back to his.vTl- 
lage to meet )[iis,paretits, brqjUiers and sisters and other relations and to eat sweet 
potato arid sagb opCe more. Mis ties with the home village are weakening however, . 
and like many young Papua New Guineans He becomes restless after several days at 
,librhe, preferring to s^nd' his vad^tions doing holiday Jobs in towii. * , ^ ^ ^ 

• N^s-not a materialj^st^oc hedCmist. He has always Keen aware of the needs of his 
people and country. Hp has pffi^ressive political views and reser?tS'the vestiges of , ^ 

- colonialism' that arfe still evident iii Papua New Guinea. Last year, lor instari'fce. 
Tie was deeply hurt ^nd angered when he went to meet his former high school head- 
master, who was string overnight in Lae. He found the^headmastef at one of the 
"whites only>" clufesv but was hot allowed in .to talk with him; he had to meet him 
outside in the cat park instead. He is convinced that his* country needs earlier rather 
than later independe^e from Australia, although he supports no particulat political 
party. His visit to Australia has made him mpje conservative, however, for he.now 

Realises that'^economic development and nationhood by "western standards is going 
to be a lengthy, tortupos process which his country will not achieve overnight. He 
'is being groomed by his sponsor for a managerial position irj which he will one day 
have to direct large teams of semi- and^unskiiled Papua New Guineans, so that it 
^ is Quite likely his political and social views may become more c'bns'ervative. He 
possibly does' not realise the a m"bi valence of hi^" position:' that he is a product of 
the Australian government's deliberate policy of creating a Papi^a New Guineaa 
(educated elite, and that as such* he will help to perpetuate the mast^servant " 
relationship with his o^n countrymen that is now operated by Europeans and* 
Chinese. " v 

At thi^ iSstitute N's closest friends'are all from the sarrie ^^inistrative district as 
himself: the Sepik. The Sefriks (who are themselves divided, into a multiplicity of* 
••tribes") account for only about 4^0 of the Institute'^s emiolment, although theirs is 
the second largest district (afte'r the Western Highlands) by population: the Sepiks 
. are thus very much a minority group at the Institute. The only hon-Sepiks he has 
muc>h to do with are the students in the hockey and. soccer teams andtthe^our or 
five other students iri the same year and stream of Civil Engineering as himself. 
While he does not dislike any particular tribal group within the Institute, he prefers 
New Guineans (the northern half of his island) to Papuans (the southern half). The 
reason for this 4s that the former speak. Melanesi an Pidgin as a lingua franca where-^. 
as the. latter speak Motu; he thus has more in common with those from his own- 
side of the isla^nd. . , - 

N will most probably become a very effective engineer (he has had an offer ff^m 
one of Melbourne's larger consulting engineering firms of a job on graduation) . ^ 
and a competent business executive. To have achieved this^ill h^ve meant a y 
great" struggle for him. He spoke only his plestok (loc«in^^acular) and Melai^ian ^ 
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Pidgin b.cfore entering school and still has problems with English. Part of his diffi- 
culty here is that he. lacks Ihe eVpfriential and conceptual background to the 
language which native speakers enjoy. For, example, in Melbourne he fouifi||it 

* necessary to^ keep a notebook in which he Jotted new words and expressiotts. Sorrje * 
of his entries were "knickers" (be was offended b*y that at first, because he thought 
he had heard "diggers"), "exprjes^'* (theife are -no trains in Papua New Guinea), 
"jubway", 'Wiaduct" and "freeway" (Papua New Guinea has mainly dirt Stacks) 

and "ferry" l[there are no widq rivecs near Yangoru and little regulaj local sea 
transport in W^\\rak and Lae). HiS prgnlinciation and non- English speech rhythms 
aUo ca.use hiifn trouble. In Australia, fpr example, he had great difficulty in 
getting to see a "wit ftlled" and "ttleff fish- on" until someone ascertained he h^d 
never seen wheat fi^ld ot television. ,^ . 
He has similar, difficulties ^ith the abstfact <:oncepts and reasoning on which » 
engineering, mathematics apd physics rely, ^riis village still consists otnubsistence 
farmers who emplby few mechanical aids, ^d. whose rather elementary calculations, 
are alws^ys related to visible, physical' phenomei^, such as bunches of bananas, 
bask^s of taro iBd tli^ number of paces .or hand lengths across some space, such 
as a garden plot or a^illage house. He has thus grown up without the mechanical 
utensils and tbols arid the vocabulary of number and quantity that \^esterners, from 
their earliest years, take for granted. The western child has always been driven in ' ^ 

' his father 8 car and has often played with screwdrivers, spanners, kitchen measures 
and calibrated marking gauges; the child in Papua New Ghinea walks everywhere 
^nd his father owns a bushkhife and axe. Far more than the western student,- t^en, 

V n's training has hhd to be practical and related to concrete examples. ' 

Although I have suggested that generalising, about Papua New" Guinea and its^many 
peoples is unwise. I would neveptheless claim' that N is as typical of the Institute 
^tudepts as it is, possible to be. He is very much a product of his sqciety^ a^ society • 
which is being forced to .change and "modernise" a$ quickly as possible, xfie ambi- 
valences and tensions that are apparent in himXare the features of his emergent 
nation. That his own exuberant personality still bubbles up from the Jissures in hi\ ^ 

* western sophistication is, hdpefu'lly, a good omen for the futifte of l^apua New 
Guinea., J . • 




Robert Karplds 

Structure in the Science Curriculum Improvemeat Study prograrn 
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The research and de\^elopment wofk carried ou^as ^art of the.Science Curriculum 

Improvement Study (SCIS) included piany hours of classroom teaching and observa- ' 
tiorf that led naturally. to a few generaliiations.about teaching and learning. These, . 
were then used to construct curriculum material with less trial-and-error than might 
otherwise have been needed. The principles to be described were valuable but also 
quite limited, so that actual classroorjil trials - and the surprises they revealed .-' 
were an essential part of development Work -throughout the Study's effort. The 
findings of J. Piaget were extremely suggestive at all steps in helping to project 
X ^ itaff members interpret.their observations. ' , • 

^ It is important to note that the SCIS did not begiri its task with wellrformulated 
objective!/ Rather, the participants shared the goal of cokmijnicating scientific 
. literacy, which ^as vaguely defined, as a corrftination oft)asic knowledge cor\- 
cemlrig the natural environment, investigative ability ^Including the m'l^king and 
testing of hypotheses concerning natural phenomena), and curiosity. C^^ajly, a 
great deal of latitude^emained as' far as the activities, in the prograni>\yere q^- 
cemed. Definitivevbehavioral objectives were fornipjlated o^ly* after the program 
had been developed. \ / ' 

Further, these were stated on a general level (e. g. , "Identify systen^s of 6bjects 
^Ij^'t interact- at- a- distance") to avoid having a curriculum detail, such as the 
names of s\ibstances that interact magnetically, become an end of instruction. 
If the "details" of activities were not important for their own sake, what was im- 
. « portant? I shall try to answer this question in several complementary ways. Con- 
1* . tent, process, and attitudes were considered, not separately, but in combination. 

In the SCIS program, therefore, children are introduced to 'scientific content through 
direct experiences with diverse physical and biological materials. In the course of 
their investigations, 'they engage in observation, measurement, interpretation, 
prediction, evaluation, an4 other processes. By exploring the phenomena iri accor- 
dance with their own preconceptions, th^ also learn to cope confidently with nej^ 
and unexpected findings by sifting evidence and forming conclusiolis. 
Conceptual structure. The grand outline of the SCIS curriculum is determined by- 
the concepts that are central to modern science. Most important of ttfese is that 
changes take place when objects interact in reproducible ways under similar con- 
' ditions. Changes do not occur because they are preordained or because a "spirit" 
or other power within objects Influences them capriciously. By interaction I refer 
to the relation among objects or orgarflsms that do something to one another, thereby 
bringing about a change. For instance, when a magnet picks up a steel pin, we say 
that the magnet and the pin interact. The observed change itself, th^ pin jumping * 
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toward the magnet, is evidence of interaction. Children can easily observe and 
use luch eviuence. As they /idvapce from a dependence on concrete experiences 
^ to the ability to think abstractly, children identify the condition under which 
Interaction occurs and predidt its outcome. \ . V - ' 

Within the interaction framework, the four major sci^intific concepts of matter. 
energy, organism and ^cosystem^'are used^to exte^the -chtldren's experiences and / 
investigations in the physical and life sciences. Material objects^nd tHeU 'proper- - 
ties, brganiims and their life cycles, are introduced early in the program (age five 
to seven), to help the young students describe aird analyze *thelr environment. 
Energy and ecosystem are introduced near the end of the program (age ten to twelve), 
to help the older "students interpret their data concerning interaction in physical and 
biologcal systems. , ' 

The Cjhlldren's intellectual development - th6ir ability to apply logical .operations 
to evaluate and Int^rpreli their perceptions - is furthered by the introduction of foift ' 
process- oriented concejits: Property, system, reference frame, and model. Proper- 
fiC3 of iobjects and organisms (or of abstract entities luch as sets or relationships) arc 
at the hisart of^classificatjon. FurjHielr. the measurement and correlation of "variable 
properties"'., or variables, leads to the quantification of observations and the formu- 
lation of mathematica.1 models (this latter not in the elementary school years). The 
systems concept furnishes the basii <5f conservation logic. in4hat a syslem retains 
-its identity as long as nothing is added or removed, though the parts may be re- 
arranged on the macro or atomic scale. Reference frames provide the student with 
multiple viewpoints, so that he can recognize his own perceptions as being pnly 
one of a^set of possible observations. Finally, the scientific model, a mental image 
of a real system, helps to crystalliz^e hypotheses about the mechanisms or explana- 
tions for obscfiyed functioning of a systena. 

Scientific and process- orienfed concepts are w(j[ven together in an overall scheme 
-that allows their mutual extension and application. Thus, properties are introduced 
for 'the classification of objects, but are later reconsidered as variables describing 
systems of interacting objects, or variables describing energy transfer. Interacting 
objects are grouped intoisystems, organisms into populations and communities, and 
observed changes in the properties of 'the system are interpfeted as evidence of 
interaction. The ecosystem is the most complex application of tkis idea. The 
artificial observer 'Mr. O serves as concrete representation fif a reference frame 
relative to which children describe position and motion of other objects or 
systems. 

Concepts and experience. The concern with concieptual structure should not make 
you lose sight of the activftjies in which the 'children are involved throughout the 
science program. The following two aspects of the. teaching program had toVbe 
distinguished from one another: the experiential (student experience with a wide 
variety of phenomena, including their acting on the materials involved) and th^ . 
conceptual (introduction of ih^ student to the approach which modern scienttfti^ v 
find useful i*n thinking about the phenomena they study). -A key problem in plan- • 
ning instruction was how to relate these two aspects to one another, a matter to 
which I shall return I^ter. * - ^ . ■ y^. 

Let me list a few examples of what was done to give the students concrete ex- ^ 
periences The observation of magnetized or. electrically charged ofi^Scts inter- 
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acting without physical cohtact, of chameleons eating crickets In a terrarlum, of 
' trajectories that can be controlled through the launching conditions, and of sQeds 
germinating under certain conditions wer^e useful In helping to .form a picture of 
the broad range of physical and biological phenomena. Also nec^sary^vTere mQfe 
^ elementary experiences with' the change In appearance of a liquid sarnple as it is 
transferred among dlffercptly shaped containers, with the "feel" of speclnletis of 
high and low- density , 'with the "disappearance" of solids when tjiey dissolve In 
liquids, and with the details of surface structure that become visible when a wood 
or rnlneral specimen Is examined' wlgi a magnifying glass. In all these areas It was 
essential that students have direct eif^rlence, and that t^ey have an opportunity to 
act on the materials and thereby control or Influence what happens. \ . 
Supplementing ebcperlence are concepts that relate phenomena to one another. 
Being a physicist, I began my educational activities twelve years ago' with the 
notion that force was the fundamental explanatory concept, lince force Is tihe cause 
of motion, and motion Is a part of all change. Now I believe that this approach, 
iwhich Is also taken by most physics texts. Is not valid. The reason IS that obser-' ^ 
. va!!ie motion accompanies only a small fraction of phenomena. Mafiy thermal, 
chemical, electrical, optical, and acoustic phenomena do not Involve observable 
motion, hence the force concept Is not of direct value In deallng'wlth tht.-n. In- 
stead, the broader concept of interaction does^apply to all these areas and this con- 
cept therefore Was selected to play the central role In the SCIS program, as des- 
vJcribed earlier. 

' Learhlng theories, ^ Major theories of intellectual development and learning were 
« drawn' upon in curriculum construction, even though they appear.to be In conflict 
with one another, I now find It useful to distinguish three major types of theories. 
The "leamlng-by-conditlonlng" theory^vlews the learner's behavior as a response 
to a well-planned stimulus. With repetition, practice, pnd suitable reinforcement, 
the learner will exhibit the desired beh'avlor. Note that In this theory there- Is no 
' room for spontaneous or creative expressions by the student. Everything of educa- 
tionafValue reflects the Inputs accumulated during the teaching program. 
The "learnlng-by-dlscovery" theory claims that everything of which an Individual 
Is capable Is latent within him. The educational program must give him opportuni- 
ties to express these latent tendencies, but should not provide any Input that might 
Inhibit or redirect hls.natiiial Inclinations. Given a sufficiently rich environment, 
the learner wiil, according to this theory, discover the properties of objects, con- 
ditions under which phenomena take place, and general prlncli^les relating the 
isolated Incidents and observations^ In his experiments and investigations. 
The "learnlng-by-equillbratlon" th'eory, associated with J.^'Piaget, views the 
Individual as capable of mental operatlo'ns whjch function In a self-sustaining feed- 
back loop (equilibrium) as he acts on his environment and receives stimuli 11 In return 
When the ^dback loop is4lsturbed by events that don't' fit the scheme disequili- 
brium), changes in the mental operations ultimately lead to more powerful mental 
^ operations that can cope successfully with a larger class of events (equilibration). 
. input^and autonomy: pe'dagofiical structftre. If children's operational schemes are 
to be modified and generalized by their experiences, the students must be able to 
tcst>thelr own ideas. Intuitions, and expectatjlons In self-directed activities; I shall 
call this autonomy," At the same time, children need suggestions, new ideas, new 
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ntiterlals, ^nd new experiences to reconsider their preconceptions' and/or reach 
opeiratlonal equilibrium at a more sophisticated level; I shall call this Input. A v 
sound educational program must provide for autonomy and foT input. / 

^ M^st Ingeniously, experiential Input can be provided ^s feedba^ck In the children's 
autonomous activities. If the experlmental,materlals are carefully chosen. This 
feedback reinforces a child's Investigative activity and also challenges his expecta* ^ 
tlons or preconceptions. A light bulb that lights when placed in a closed circuit * 
with* a battery furnisties an excellent example of such feedback.. Another example 

^ of such feedback is provided by a j^per iilrpLane whose wlfigs can be bent so as ^ 
to extend or reduce its flight time. 

Conceptual Inputj such asptroductfon of the system or reference frame concepts, 
Is not easily provided In the form of feedback. The SCIS Instructional pro-am Is 
therefore built out of a sequence^f learning cycles that allow for conceptual Input ,j 

• In the context of appropriately related autonomous activities. Each learning cycle 
has three phases: exploration, referring to autonomous investigation; invention^ 

^ refenln^ to the introduction of new Integrating concept by teacher Or by learner; 
and discovery, -referring to applications of the same new concept In a variety of 
situations, partly autonomous, partly guided. (Each SCIS teacher's guide describes 
In^ detail hoV th^ learning cycle relates to the activities of a unit. ) 

r\>Iote that the learner is ictive during the explor^lon and discovery pha/es, which* 
occupy most -of the teaching time. Experiential input is provided during these 
phases. He is least active during the Invention phase, whlcft should occupy only 

* a brief interval between the other two. Coni?eptual Input may be provided by the 
teacher during this phase. 

Note also hpw this strategy for teaching 4iflflzes the three learning theories. 
Exploration is In accord with "leamiing-by-dlscovecy" and "learning- by- equBlbra- 
tlon. " It allows the-leatmer to Impose his ideas and preconceptions on the subject . 
matter to be Investigated, If he comes up-^lrt^ a successful new Idea, more power 
to him. If, as is often the case, his* preco^^|^ptions lead to confusion, the teacher 
learns about these difficulties. At the same time, the exploration may create some 
disequilibrium, since not all students can cope with the'nTaterlals with equal suc- 
cess. „ ' 

Invention is* in accord with the '4eamIng-by-equIlibratlon" theory, as the new 
idea Iptroduced at that time suggests a way for the learner to resolve his 

' disequilibrium. ^ " 

Discovery, finally. Is'irf acqgrd with "learnlng-by-equlllbratlon. " and abo with 
*'learnlngr by- conditioning" view that cepetltion.and practice are necess£uy for 
leatning^ it Is essential, however, that the repefeion and practice occur largely 
throi(gh self-directed activities by the learner, so that he will actually resolve his 
disequilibrium by Interacting with the experimental materials and by establishing 
a new feedback pattern for his actions and observations. At this time, the same 
concepts are applied repeat^^dly In a widfe Variety of activities. 
Developmental structure. The conceptual And pedagogical stVucture described 
above still allows wide latitude iiTthe choice of learning activities. What other 
guides are there? The specific activities have great practical importance, because' 
they carry the science program from day to day by stimulating the children's 

-'interest, challenging their *ea^oning. 5rouslng theit curiosity, answering some of 
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their questions, and satisfying their need to control. their environment. Ui choosing 
. specific materials, the children's reasoning; manipulative ability^ precoRCCrtions, - 
and itttural interests were taken into account, ki well as questioni of safety, cost, 
and fcuipment reliability. Evelv though the latter three were frequently decisive, • 
1 shJl-not discuss them as they arc outside the scope of this symposium, and I shall 
conofentrate on intellictual 'aspect^ ^ ^ 

One Af.the very impomyit considerations has been the fact that children of any . 
chronological age represent a broad mixture of developmental stages. In the first 
grade, for example, most children may be in the transition from preoperational 
to concrete operational reasoning; still, substantial groups will not yet have begun 
the change, while others have substantially completed it with respect to many 
sitnple tasks. So it is also in the sixth grade, where many' children may have begun 
the transition to formal thought, while others are preoperational or at the concrete 
level,"- and a few are capable of exercising formal thought under many circum- 
stances. To be acceptable, arty activity in the science program should have interest 
and yield satisfaction for all pupils, regardless of their developmental stage. One 
^ example is /^Grandma's Button Box" in the Material Objects unit (Level One).' Pre- 
operational children enjoy the varieties of color, texture, and shapjf , the sounds 
made by tumbling buttons over one another, and the designs in which th^ buttons 
gan be arranged. Children who have mastered classification reasoning, however, 
c|n be challenged to grouptHe button^ into two or more kinds, to develop mutually 
exclusive catcfgorid by selecting criterion properties, or to transform one classifica- 
tion system inT^another. 

/v' second example are the electric circuits in the Models: Electric and Magnetic 
Interactions uniV (Level Six). Here the preoperational pupils can derive satisfaction 
from lighting a bulb through a trial and error procedure. A chilcf at the level of 
concrete operations can identify the battery and bulb connections that yield a 
particularly bright or dim bull^u A student who is transitional to formal thought can 
wonder about the Energy transfer from battery to bulb through the wires and 'formu- 
late a model involving electricity or electric fcurrent flowing through the wire and . 
obeying certain rules. ^ 
I shall cite two reasons why it was so important to provide activities that appeal 
to such a wide range of children. First, it was clearly desirable to secure the 
interest and participation of all pupils in an activity, even though not all can ^ 
pursue it at the same level of sophistication. Second, the children at an earlier 
developmental level see examples of more advanced reasoning in their classmates, 
whose logic tlifiy may not understand completely, but whose ideas upset their opera- 
tional equilibrium and thereby ha°sten equilibration at a higher level. 
Conclusion. In this article; I have described some principles of conc^tual struc- 
' ture. ppH:»gqgical stn^^re, and developmental structure th^t have been used in 
preparing the SCIS program. It would not be honest for meio leave you with the 
\ impression that the program is "perfect". Many tffthe activities and the overall 
plan certainly reflect the considerations that I described. There are also parts of the 
program that are not ideal for various reasons - difficulties in drcatihg economical 
" equipment, problems with the survival of living organisms in the classroom, exces- 
sive preparation or care required to obtain reliable data, and s6 on. 'On balance, 
hov^ever, I believe that these problems are minor and that the SCIS curriculum 
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When we teach physics v/e should bear in mind that wc- mostly teach to later non- 
physicists. This is particularly true for physics instruction on lower level. For us 
■i * the motivation of our doing so is the fact that we like teaching and that wc like 
1, . physics. For them this is not necessarily the case. We have good reasons for 

teaching physics, because physicists exist and what they do plays an important part 
fn the life wfe are preparing out pupils for. 

So one motivation for the pupils might be that they need to learn physics and what 
physicists do. 'This form of a motivation, appeals perhaps to the curiosity of our 
pupils, but in a^very superficial way. It does' not justify that physicists rightly exist, 

. ' and what finally they are doing when doing physics. It does neither link their doing 
«vith the activities of n^n. nor does it distinguish their doing among other 
activities. * S 

* If we bear mis in mind, we find a much stronger and much more reliable motivation 
for our pupils to learn physics: we can base ourselves on the fact that we all have 
an inquiring and a creative mind. This is the elementary characteristic of man. 
This mind produces its being in innumerable activities among which science in 
general and physics in particular. 

Certainly, we cannot erect a building in the theory of knowledge and thus Justify . 
the existence of physics, ^nd motivate our pupils tp learn physics. But we can 
teach phys^s in a way that creates a reflective attitude among the pupils, an 
attitude that asks questions like: why do physicists exists?, what is physics? - ^ 
other thaa physics is what physicis'ts do. 

If you look at school •boe]^ oi watch what finally is taught, then you will find that 
in most cases just the abovie basic questions'* are not answered. The points to be 
made are those which mane physics an enterprise of the inquiring mine/ (E.Rogers): 
knowledge in physic^ is gained by method, this method is restricted to rational 
thought, the method of rational thought is limited, physics is man made and not 
god given, the language of models, the rationalizing attempt of description by 1 
analogy, the interaction of the inductive and the deductive method, the principle 
. of mathem^tization in physics, and alike. 
The following is an attempt to prove by- examples chosen from introductory elec- 

; tricity that the goal that I have indicated earlier may be achieved even in teaching 

1 elementary physics, 

■ As I said, that we do physics, needs to be justified/ It must come out that physics 
i. is one among many modes of comprehending the world around us. Furthermore it 
j must come out that this particularity of physics to make the world understood" is man 
\ made and not god given, that in physics the wanted arbitrariness of a wanted one- 

ills 



sidedness prevails and ^hat Its method Is limited, in short: because of a pcrmaaent. 
misunderstanding we miist bring about exa^rtly that point of view the layman will 
not expect to be totd about science. We are obliged to do so; otherwise we our- 
selves would draw a one-sided picture an(j thus miss our commission in 
education. ^ . . 

We may not excuse oiiiselves by stating that such a pretention cannot be achieved 
in the elementary teaching of physics. The contrary is true: that the purely ratio- 
nal way of thinking is an intentionally wanted restricti^ In method, that the 
physicist thinks In models, that he uses the formalism of mathematics, that he ' 
lises formal conclusions to Interpret his observation, that by heuristic reasons he 
strives for analogies, thatvhe attempts a synoptical description of as many pheno- 
mena as possible and in doing so that he playi the alternating game of inductfon 
and deduction, all this must be, in a^way, the red thread which leads through jthe 
■■^ whole enterprise, a red thread that can be made visible also in the elementar^ 
teaching of physics. 

Knowledge in physics is knowledge gained by method. H?nowledge gained by me- 
n ,thod means planned knowledge. In il^s introduction to his "Critique of Pure Reason" 
the philosopt^^r Immanuel Kant explains what is meant a^ follows: "With its prin- 
ciple according to which corresponding phenomena may )?e considered as laws, ih 
ojne hand, and with the experiment conceived according to those principles, in 
ttie^ther hand, reason must meet nature with the intention to be tai^ght, this, how- 
^•ever, not in the quality of a pupil who accepts what the teacher says, bijit in the ^ 
quality of an installed judge who^ compels the witnesses to answer those questions 
which he puts before them" (end of quotation), , Kant hence binds scientific know- 
ledge .to a plan, to a design of reason. 

l^o pupil will miss the fact that physics is planned, that it proceeds in a mathe- 
matical way. We may reinforce this observation when we make clearly visible 
the systematic procedure of physics, especially when doing. experiments or inter- 
pieting experimental evidence. Furthermore the puptt will notice that evidence 
in physics is not so conclusive as it is in mathematics. He will notice that there 
Is some sort of uncertainty -qs saon as we base ourselves on observation ajid experi- 
ment, i. e. on experience, and that we are completely certain as soon as a mathe- 
matical deduction of our results is possible^ 

Example: We measure the force on a charge in the electric field. Result: 

a) the force exerted on the charge is proportional to the magnitude of this charge 
for any given poh>mial difference V between the (Charges producing the 

, . field: F'wQ; X 

b) the force exeMd on the charge in the field is proportional to the potential 
' difference between the charges producing the elctric field: F~V; 

Conclusion; the force exerted on the charge in the electric field is proportional ^ 
to the product "charge times potential difference" (as defined above): F~Q • V/ 
Depending dn the quality of the experiment this result is more or less uncertain. 
It is undoubtedly certain, however', as soon as we are able to conclude: from 
V - .^ and W • F • s fplXpws F • s - Q • /v^.^ 

The pupils will also notice that physics is ^ot dealing with humanities, with man, 
his art, his language, his history ete." He w4U notice that i^ysics is limited to that 
domain^at may be described exclusively by'the methods of rational thought and 

; ^ • U9 
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conclusion,, and that there remains a wide field which cannot be described hy the 
methods of physics. 

Up to this point, on Introductory level It may be satisfying, If we do not hide and 
bury things, for Instance In presenting physics as an exact science be^Jiiuic it Is so 
preclscl* Beyond this point we have to explain clearly what Kmt meani when 
talking of man In his role of a Judge.' We must show the subjectivity of ar^y of our 
decisions which are guided by reason and, suggested by nature, but to v/hich we are 
not compelled to. 

1st example; Our experiments In electricity suggest two models: , 
1. There are positive and negative electrical charges. Equal quantities of positive 
and negative charge neutralize one another; 
. % there are only negative charges, the smallest quantity of which is the elemen- 
tary charge of tjie electron. What appears to be a positive charge is nothing but ' 
a lacking amounUof^he correspoi}dlng*quantlty of^fiegatlve charge. 
The second model c|rre|ponds better tg our picture Of a current which we do not . 
depict as two flows if d^jgrent particles In opposite directions. The first mo^l is 
always suggested wb^fiHc pqlari^of the charges plays a role. Both models arc 
" equally correct because neither ollb Is contradictory In itsejif. Hcnc^ the decision 
• on the model by which we want to describe the phenomena of electricity 4cpcnds 
only on the expcrlihcnt we conduct. 

2nd example; The experiments on magnetism suggest the following Interpretation: 
In any rtiatcrlal that can be magnetized there exist clerpcntary rpagncts, magnetic 
domilns. These domains arc Aot ordered and hence cofnpensate one another in 
their action (effects). If we order an4 align the elementary magtfcts - for lnsta.ncc 
^ by sweeping with another magnet - neighbored north and s%uth pol^ will still 
compensate, but on the end faces there will be poles now, which are not com- 
pensated. If wc cut such a magnet normally to Its direction of magnetization. - 
uncompensated poles are free at pnce on the new end faces, and t\\e two separated 
parts of thfe original magnet are as completely magnetic as the original one 

was. ' . ' 

At this point we must lead our pupils to the conclusion that our model explains 

*• the mechanism of magnetlzatlop. but It does not explain yet what magnetism 
really Is. Magnetism cannot be explained. It is a concept as much as force' Is a ^ 
concept. . ■ i. 

On such an occasion we should also define what a model Is In physics, I. e. an 
Intuitive picture by means of which we canNdescribe and interpret natural 
phenomena. . ^ 

3rd example; In magnetism we see that magnets act with forces upon each other 
at distances through space. We describe the space In which such forces can be 
detected as the field of .the magnet. Again, this Is a model. Field means the 

^ set of all possible ordered effects of the same kind In space. In particular, a 
magnetic field Is the set of all possible ordered magnetic forces In that space. 



• Physl^s\is an -exact science because all Its statements can. In principle, be 
dedu<»?; but lU statemenU are certain on^v to that extent to which the pre- 
^ml$e| aire certain which. In physics, are based on experience. 
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Proceeding in this and alike ways on#<thing gets clear: physips H man made and 
not god given. It is man who observes, and it is man, too, who Invents the 
concepts. 

Since we restrict ourselves in physics to the domain of purely rational thought the 
statements of physics can be expressed In term^ of mathematics^ 
Is I example; We define the electric current as charge per unit time and write this 
statement in the form of a mathetnatical equation: I > 
This equation may be transiffllievd; for instance Into Q - I • t.. This trans- 
formation has nothing to do with physics, it Is pure logic in action, and still: 
this new statement has a relevance also in physicsr O - I • t measures the 
quantity of electric charge. 

2nd exanriple; In order to illustrate electricity we are looking for analogies of a 
water current and an alectric circuit. Th* correspondancc may be pushed up 
to the definitions of current IntehsjLity aflO potential difference. The place of 
action in a circuit is the point at wWeh^ork is exerted. This suggests to gxpress 
both the pressure of a water pump and the potential difference by the work done. 



To this end we need only extend formally, i.e. mathematically, the fraction 
defining the pressure = force by the height ta which the force is lifting* the 

water. Thus we get a suggestion for an analogous definition of the electric, 
potential difference. This formal act of logic irone of the many examples 
which demonstrate how arrive, by applying mathjematics, i^ e. pure logic. 
At usefu) hints for the description of nature: 



I 



pressure = fotcc 
i area 



force ' height 
^ area height 



work 



volume 



Water 

volume 
time 



= current intensity 



work 

— ^T- — = pressure 
volume ^ 



Electricity 

charge 
time 

work 
charge 



current intensity 
^potential difference. 



3rd example; Later in the course we take the opportunity of demonstrating the 
internal closeness of the physical picture of the world with help of the possibility 
to thorough mathematization: 

a) The motion of electric charges 'appears to be an electric current. The work done 
by the current is proportional to the amount of charge displaced: 

W • V • I . t • V • Q-* W-'Q. 

b) The ^tuse of tfiis current is a potential difference V which^ originates from the 
work W necessary to separate charges of opposite sign. This potential difference^ 
is defined as. V - W - V « Q, as above. Step by step we draw a pictilfre 
of electric phenomena the closeness of which is expressed by a network of 
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contradiction- free mathematical formulations. We shall try to describe as many 
phenomena of electricity "as possible in one single picture or model. The better we 
are able to achieve this, the greater is the value of our model, the fewer laws, 
rules and forrpulae dp we need. I 

Furthermore we have to show the tendency to analogous descriptions wherevej this « 
is possible, oven in rather separate fields of physics. This tendency is the expres- 
sion o( a general principle, which Jias nothing to do with our object physics., but with 
the economy of thinking. The analogy, mentioned earlier, of a water circuit and 
the electric circuit is one 1st simple example of it. • \ 

A more'refined 2nd exacnple is the concept of a field^ We will define it as general 
, as possible, and then Insert particufar fields into this geljf'^jal concept in using ^ 
analogue formulations or wordings when defining the particular fields: in the first 
instance fields are named following their geometric properties. A field which 
shows the same effects at any point of its space, both in magnitude and in direc- 
tion, is called a homogenous field; if this is not the case the field is Spokenlof as » 
in'homogenous. If in particular the field is symmetrical with respect to one point 
it is called a" radially symmetrical field. - In our course work a practical example 
may suggest the invention of the concept "field"; let it be the behavjour of iron 
filings in a magnetic field. Then we generalize the plcture'and will find it easy 
now to stress analogous formulations at any given occasion; magnetic fie^d." electric 
field, gravitational field; or corresponding examples of^omogenous fields: homo- 
genous electrical field, homogenous magnetic field, homogenous section of the 
gravitational field; radially symmetrical fields: one pole of a magnet, point charge, 
gravitatil^jnal field of the earth; electric potential, gravitational potential etc. 
3rd example; A problem set for the gifted pupil at this' stage of the course - v/e are 
talking of introductory electricity! -: a plate capacitor with a plate separation of 1 cm 
is charged to a potential difference of 500 volts. Then the supply is out off and the 
plates are separated to a distance of 6 flK^^hat is now the potential difference of 
the field producing charges oq, the plates? (result 300trvolts). 
- Then we^may go on as follovss: the work done is W^ Q . V (not 1 0 - V 
a^is the case for a free probe charge in the electric field!). 'O is the charge on the 
plates of the c'apacitor and V the voltage difference of 2500 volts. The potential 
difference increases in a linear progression from 500 to 3000 volts when pulling the 
plates apart, whilst the charge on the plates remains unchanged. Explain the 
relationship We =J 0 • V and compare with the work W=|^ F • s done when 
pulling a perfectly elastic coiled spring. Sketch a diagram 'of f vs s and the 
analogous diagram of V vs Q. 

Already on introductory level the pupils must know and meet the continued inter- 
action of induction a-nd deduction a§ the characterizing methods of an exact science. 
A^i a lst example we have already mentioned the experimental determination of 
the force exerted on a charge In an electric field: Q - V. 



• A field is the totality of all possible ordered effects of one single kind in space. 
A magnetic field is the ^totality of all possible ordered magnetic effects in space. 
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This result is more or less convincing depending on the accuracy of our experiment. 
The probability af a correct result, the trustworthiness of the result increases with 
the number of experiments yielding the same results within fixed bc^^erlines of dis- 
crepancy. This Is an example of the inductive methdd. The result is conclusively . 
certain, however, when we arc able to deducei F * s • 0 ' V. ' 
This last step is an example of the deductive method in physics. 
2nd example for the interaction of the inductive and the deductive method, chosen 
from the course work in introductory electricity: w€ may find Kirchhoff's second 
law for the current intensities of parallel circuits by experiment; wc may also de- 
duce it from known premises (Ohm's law or mor^ general the principle of energy 
conservation). 

3fd example; We charge a plate capacitor, disconnect from the supply and then . 
'puW the plates'" a part. Observation: the potential difference of the plates is directly 
proportional to the plate separation: V 'n^s. This result was obtained by -eicperi- 
ment, hence by^applying the inductive method. The saVne result maybe deduced 
mathematically In considering the work done when pulling the plates apart: 
W-F.s-O-V^V- - E where E * ^ is the constant field 

strength of this charged capacitor during the operation: V s. 
1 hope that I Was abje to demonstrate two things:' y 

1. that this somewhat philosophical way of considering physics is ofte'n neglected; 

2. that this aspect can be brought about already in the teaching on introductory 
level-- Ln our particular Case'introductory electricity as one among many 
examples. 

There is no question that the goal mentioned in the beginning may be attained 
much easier in the teaching on higher level, but that is self-evident and it was * 
not my intention to deal with. , 

. ^ i • * 
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Discussion 



The ai^thor states that he^^^ied to point to the lm(K>rtance of ihe presentation of 
physics 'and of the spirit behind the teaching of phyjsics. He f^els.4hat the student 
ought 4o recognize about physicV * • 

1. Physics k man mafde ^nd not god given. Knowledge In physics is gained by 
method, this method IS based on rational thought only» .the method of- rational 
thoug^it Is limited. , . ^, 

2. Katifre c^n he described by nipldels of different complexity and completeness. 
' Simple eSrller models' do not •get.wrong, as sopn as more refined fnodels will 

be created. A ihodell can perhaps fall in some areas, but can be very useful 
„ and fit to a certain purpose, because it Is easily managed^ 
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Albert V. Baez 
Innovative experiences in physics teaching: 

autolectures, seminars, micronotes, faboratory work with-seyeral options, 
films and demonstrations 



Summary - . . 

Innovative experi^es in teaching an introductory college physics course for non- ^ 
specialists are described. The basic ingredient is the Autojecture produced by the ' 
professor. It consists of a tape recording plus abcfUt ten transparencies for the over- 
head .projector. Several Autolectiires are ^dmirjistered simultaifeously in s^^parate 
classrooms by graduate student Teaching Fellows who can, in this Way, rhonitor 
and expound on a well sti;uctured lecture with a rrrmlmum of preparation and who 
subsequently direct^ the Seminars to clatify the ideas raised in the A.utolectures and ♦ 
in other parts of the ojurse. Micronotes, which ar^reduced pointed duplicates, of 
all the overhead trartsparencies, are distc^Biites^^p the students to minimize note , .. _ 
taking. Itiias been found that Teaching{j^lowff can also produce good Autolec- 
tures with benefit to the students and to their own teaching experience. Students* 
can produce short Autolectures as a means'of repTorting ori special laboratory 'pro- 
jects and leam valuable communication skills in the process. The use of films, 
"loops and closed-circuit TV in the demonstratiort lecture are,descrlj3ed as well as 
their possible use ^ the laboratory, the Autolecture and the^Seminar. Other innova-S^ 
tions include the use of a, textbook based upon a spiral 'approach to learning, mul- 
tiple options for the laboratory and demonstration ^ctures with a minimum of 
theoretical exposition. y 



Maria Ferretti 

Possibilities of linking the science and physics curriculum with the • 
proposed currJcuium for mathematics teaching « 



1. Pjreconference Paper (Summary) 

1.1 In the last ten years it has become more' and more evident that Iritegratton of 
science courses (at least to a certain extent) is not only feasible, but highly 
desirable. Up to 1970 some dozen projects were listed in the "J^ntemational Clearing- 
house on Science and Matherti^tixs curricular developments". ^- * 
1. 2 The main reasons for this changing attitude of scientists and educators can b^ 
traced back to " - ' 

a) economic reasons .(saving of time and perhaps of teaching staff) 

b) structural motivations (trends towards a structural unity of different disciplines) 

c) environmental motivations (connected with the rapidity of1h§ diffusion of 
information and the relevant mass- media processes) ^ 

V. 3^A reason of type b) worth a special mention Tor its greats importance can be 
found in the increasingly scientific apprpach in geography, as well as in Qther 
"boundary subjects" like environmental sciences, meteorology, even astronomy.' 
With integrated courses some topic! belonging to these boundary regions can ^e 
more properly treated- . * 

1. 4 Shall we expect this trend,to go on and expand? Or "shall we end£jPt;)ur to over- 
come it and revert to a more specialized method of teaching, which allows a 
deeper insight, and to try co-ordination of ^ecializ^d subjects from the outside? 
1.5 Historical and philosophical ^background for the teaching of sciences as separate 
subjects (Comte); and for the npodern trend towards unification. Problems conriected 
with the leacher's training and team teaching. * , 
1. 6 Opporttinity of distinguishing among: a) simple "juxtaposition" of topics coming 
from different science a^eas; b) "integration" proper, and c) co-ordination". 
Syllabus patterns of the type a) are more suitable for pupils. still in a pre-opera- 
tional stage of thinking (according to Piaget), or at most in ihe stage of "concrete, 
operations". Pattern b) applies when the *^versibility" stage is fully cached; 
pattern c) can be^ exploited to it's maximum extent at the stage of "formal opera- 
tions", i.e. the ability to perforifn hypothetical operations. Here Cmodels" can - 
be fully and exhaustively exploited. . , ^ 

"Mixed" patterns appear more likely to be put-^nto, operation, and actually are: 
integrated courses for physics, and chemistry and /or physids and biology do exist- 
Hdwevet, the integration of biology with chemistry and physics raises some pro- 
blems. In fact, the descriptive and morphological aspects 6f biology may be dealt 
with very early, whereas the study of biological functions requires rather sophisticated 
knowledge of physics and chemistry. 
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1. 7 Mathematics teaching is also undergoing a revolutionary change, as it evolves 
rtiore and more towards structural patterns. The increasing need o^ mathematical 
concepts for science teaching is unquestionable, and^^the unKying poyrer of the 
metho'ds of modern mathematics . may enhance theistudents* ability ta synthesize, 
One has ta keep in mind, however, that the value of synthesis is based solely oh 
the correctness of the analysis. Moreover, a strong criticism of present methods 
of teaching mathematics emphasizes that they somehow deprive students oi^he 
ability to do with ease the simple calculations necessary for the understanding of 
science. , 

f. 8 The GIREP seminar held in Lausanne In 1967 was based on the links between 
rnathematics and physics teaching in secondary schools, ^ome conclusions are 
perhaps wort^i recallirtg. . 

1.9 NO matter what practical'way may bcchosen to link scientific subjects and 
matuciiiatics in secondary school teaching, it appears important to substitute the 
obsolete "science hierarchy" with a more general "synthesis of disciptoes", 
applying not only to scientific subjects, but-to all fields of cultural activity. On 
the grounds^ of the structures that underlie our present knowledge in all fields, we 
could think of a kind of flowing link from the lo^cal topics (mathematics, 
language structure) to the art-history topics (literature, visual arts, history, social 
science) and to natural sciences (geography, biolpgy, chemistry, physics) to come 
again to mathematics. In this, context, symmetries can be regarded as structural , 
links between mathematics and structural arts, visual arts and sciences, sciences 
and mathemfatlcs, ^ » 



2. Conference Paper . ^ . 

Th0 present considerations are mainly tiased on the origin and the nature of the 
problems connected with tlfii^eaching of.science and mathematics as linked 
subjects, rather than on practical solutions. Jn effect, many problems are common 
to ail existing schoQ^vstems, but solutions are locally quite different, and can- 
not be easily generalized.. * 
In the last ten years, tMhas become more and more evident that the integration of 
science teaching (at leKt, to a certain extent) is not only feasible, but highly 
desirable. Ju^t lip to 19V only, about thirty projects of this kind have been listed 
In the "International Clearinghouse on Science and Mathematics Currjcular Deve- 
lopment*' (1). As examples, I will retail only a few of them: 
The Portland Project (2) in its first attempt to integrate PSSC physics, CHEM S^bdy 
^chemistry and, to sorhe extent, BSCS. biology: and not in its more sophisticated^ 
pattern (age, 15-18 years) ^ \ • 

The New integrated and Co-ordinated Science Textbook Project (3) originated by 
the Science roundatitjn for Physics at the Uniyiersity of Sydney, N.S. W. , Australia 
(integrated science, ages 12, 13, 14, 15: co-ordinated physics, chemistry, biology 
,<^nd geology, ages 16 and 17) ' 

The School Council Integrated Science Project (4), at thi^ Centre for Science 
Education, Chelsea College of Science and Technology, London (ages 13,14, 15, 
and 16) 
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The Nuffield Combined Science Project (5) of the Nuffield Fouftdation. Great 
Britain (ages 11.12 and 13), 

The Scottish Integrated Science Course Project (6), Scotland (ages 12.13.14) 
The Institute for Education in Natural Sciences Project (7) at the Kiel University. 
Germany (ages to. 11. 12 and 13). ij. 

Introductory Physical Science (8) started at the ESI, Watertown» Mass. . integrating 
physics and chemistry, rages 15 and 16. 

In comparing all tlie existing projects, one notices that frequently the need for the 
integration of subjects was initially felt most by the teachers themselves, and inte- - 
grated or co-ordinated projects were started on their request (as Portland Project, 
School Council lategrated Sclfince Project, Environmental Studies Program openly 
admit in the forewords of their books); but still more frequently such an integrated' 
Approach is officially'adopted for new school systems in developing countries (four 
such projects in Australia, one in Israel, one in Japan. Kenia, Malaysia, ^epal. 
Nigeria, Ceylon; the UNESCO program for Integrated Science Teaching in Deve- 
loping^Countries. are mentioned in the already quoted "International Clearing- 
house"(l). On the contrary, in countries where the school system was established 
long ago - as in Central Europe, for instance - th^inibdivisjpn of individual scien-' 
tific subjects still persists in most secondary scho6tl; particularly in the second 
cycle of secondary edcpcation. 

The early specialization of subjects in schools has been originated about a century 
. ago. arvd its main roots can be traced back to the posltivistic hierarchy of disci- 
plines (due to the French philosopher A. Comte) based upon the hypothesis that the 
sciences njiust inevitably develop in the order of decreasing generality and increa- 
sing complexity. Hence they appeared in the following genetic series: matnematics, 
astronomy, physics, chemistry, biology, sociology. Each of these disciplines 
depended upon those which preceded in the series. This position had ak ^rong in- 
fluence on European teaching systems at the beginning of this century. / 
Now, there seems to be a reverse trend: science is seen more as a way to reach • 
coherent description of the world, and thus the starting point could be a basis of 
knowledge common to all scientific subjects. But the main reasons for the changing 
attitude of scientists and educators seem pnore likely based on econohiical, struc-" 
turai and'environmental motivations. Of course, the word "economical" has to be 
interpreted here in the broadest possible meaning: economy of teaching staff, and 
saving of "learning" time, which will not necessarily mean saving of money (more 
experimental work, more audiovisual aids are likely to*be required, as well as 
more reference books, and so on). 

Structural motivations come f/om deeper insight of the modern trend towards the 
structural unity o/ different scientific disciplines (8). According to Bruner (9). to 
learn a structure is to Ic^rn how things are related. In a structural pattern, the 
methods for gaining knowledge in different scientific'fields (i. e, approach to the 
problems, mathematical treatment of results), many basic ideas (i. e. interactions, 
models, microscopic Jinderstarding of macroscopical events), and some skills and 
techniques (i. e. observation, analysis, induction, testing, synthesis) have many, 
common features. Moreover, considering sciences from the point of view of their 
evolution, we "notice that subjects belonging to the boundary regions, like meteoro- 
logy, astronomy, even geography, are fiecoming more and more structured as 
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sciences, with an imcreasjng adoption of mamajalical and statistical techniques} 
at the other end, human geography Isiseing fferexi by the language and^thlnking of 
the ecpnomlsts and the sociologists^ leacling to the birth of the "environmental) 
sciences". - ^ . s . ~J 

Environmental motivations for teaching Integrated sciences stem from a double 
line of considerations. On one side, we have to admit that-the school Is no longer 
the only Source of knowledge for the educated citizen. The Increasing role of the 
mass- media as a source of Information, the growing possibility of coming Into 
contact with different kincfs of human being, and the lowering cost of printed 
material, are building up a sort of permanent school that has been defined "the 
paralfel school"(10). In this "parallel school", which cannot be ignored or under- 
estimated, every subject Is strongly Integrated, not only on a scientific basis, but 
also regarding social problems -and activities. Possibly, one of^the reasons for the 
unease felt In convent^onafschools by students - and by teachers - comes from the 
difficulty of automatically integrating subjects that have so far been 'taught with ^ 
rigid separations, an'd that teachers theitiselves have studied separately. On the 
other hand, one also has to taJfe ipto account the most recent trend to overcome 
the purely structural considerations about the content of a course and the way the 
human intelleet accumulated knowledge; the "other half" of the human being, 
i. e. how a,human being feels in the learaing R^ocess,in addition to how he knows, 
is now becoming Important In the teaching process*; A kind of "environmental 
approach"'^1fo the study of sciences is now much more appealing to students: in 
effect, since knowledge* "per se" Is no longer desired, and eyen Its absplute value 
is under discussion. It appears that an Integrated appraach to many subjects in 
school can help studcnU to build up self-confidence, and to lessen alienation(n). 
On the basis of the preceding considerations, we could then assume that integrated 
patterns for science and mathematics teaching will gain favour in the near future: 
but practical difficulties to Implement those kinds of curricula cannot he under- 
estimated. First of all. It Is imperative Tiot to lower the quality of teaching by 
integration; and this leads to the consequent difficulties of teacher training: fnore 
in-seryice courses will be needed, adequate facilities, traiiied instructors, and 
tutorial help from the university faculties, both scientific and educational. But 
there Is also the difficulty aTising from the individual teacher's attitude towards 
other fcifddes and mathematics. On the average mathematicians do not seem to 
be very "fond of looking 'for starting points or applications and 'examples rdCted in 
natural sciences, and biologists generally dislike the special training to acquire 
the skill needed to. treat observations with statistical (n^fttKoHTthat are unquestionable 
from th^ mathenratician's point^rf-VleWT Of course, this kind of difficulty increases 
with the advancement of the course. At the eleraentary level, when sciences are 
taught at aill, they are everywhere in an integrated jf^^m; but for the term!>pil 
classes of the high school it appears almost impossible to devise a training suitable 
for integrated teaching. " ' 

Thus, in any integrated kirtd of teaching, we can/tecognize the need for the 
follov^Ing distinctionsr ' ^ ^ 

a) the simple juxtaposition of topics, which is ^p|ropriate mostly for children in 
the pre-operational stage' of thinking (followinkpiaget's terminology) or at most 
in^the stage of the "concrete operations" - whiqli corresponds more or less to the 
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elementary level of teaching. A »lngle teacher can do the job; but also different 
teachers can co-operate, the only difficulties being cortnected with the time- 
table scheduling. Here, the teacher's training Is not a very difficult problem. 

b) Integration proper: such a pattern can be put Into operation as soon as the 
"reversibility stage" of thinking has been fuHy reached by the pupil. Apparently 
this method becomes appropriate In the'flrst cycle of the secondary education, » 
but here the problems of the teacher training and the curriculum planning be- 
come more Important, as subjects must be treated with a sufficiently deep-ln- 
slght. (One criticism to this approach is based on the consideration that an es- 
sential condition for appreciating the unity of science Is fhe ability to think at 

a sufficiently high level), ' 

c) co-ordination of subjects could be exploited to Its maxirriufn extent when the 
thinking stage of "formal operations" (L e. the ability to perform hypotljetlcal 
operations) Is reached. As this will happen in average towards the terminal years 

* of secondary education,, one could take advantage of the broaded Intellectual 
abilities of the students In order to put Into operation some sort of team-teaching, 
with an Integrated curriculum taught by teachers with different specializations. 
Here, the main difficulty ll6s In.^ ialr distribution of teaching time among the 
teachers, and their personal tlm'&.schedule. 
mixed patterns appear more likely to be put Into operation, and actually are: 
Integrated courses for*4)hyslcs and chemistry do exist, and for chemistry and bio- 
logy: but here one has to consider that, whilst the morphological a/id descriptive 
aspects of biology may be dealt with at a rather early stage (say. In the first cycle 
of secondary teaching) the study of biological functions requires a rather sophistica- 
ted knowledge of physics and. chemistry. 

Probably the mqst complete attempt tfn this line Is the "Messel Bible" already 
quoted (3): on a basis of Integrated sciences (physics, chemistry, biology and geo- 
logy, with some astronomy) for the junior stage, a senior stage Is built, planned 
as a-'co-ordlnated study of Sciences, "with each science supporting and lllumlnA- ^ 
ting the others". A point of view worth quoting is expressed in the "Correspondence" 
section of the April Issue(ia) of "Education In Science", by D. Duckworth. He 
proposes to divide the whole of science teaching, up to the ordinary level. Into 
"physical" and "env^nmental": the latter would consist merely in biology (des- 
criptive) and sorrazr^ography, and should be taught In the first cycle of secondary 
education. Phv^al science (physics with chemistry) would come In years, 3 and 4. 
Only after 0->/evel could one think of a course In Integrated Science as^ disci- 
plined stildy for the ablest young scientists, through team-teaching. 
Mathematihs Is also undergoing a revolutionary change, as it evolves more and 
more lowa^ls structural patterns. "New" mathematics is now largely In use in 
secondary Instruction, and one could consider to what extent this new way of 
teaching mathematics is (or coulJ be) complementary to science teaching(13). 
Surely the unifying power of the methods of modern mathematics may enhance the 
students* ability to synthesize. But not all that glitters is gold; the value of synthesis 
Is based solely on the correctness of the analysis, and it is the long road of data 
collecting and critical thinking that ehables significant (and not- dogmatically 
accepted) syntheses. Moreover one criticism on present metnoas of mathematics 
teaching emphasizes |hat they somehow deprive students of the ability to do with 
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>€ase the simple calculations needed for a first understanding of science. 
In any case, we qan admit that the language and some particular features of "new"— . 
mathematics c^ be directly utilized in connection with the teaching of science, 
even at an early stage: examples are easily found: in number bases Study, binary 
system can be linked with aa early study of electric circuits, and the base-ten 
gives a4hcarer understanding of the metric system of units; sets language and Venn 
diagrams can be very useful in building up systems of classifications, and provide 
a cljeck for non-ambiguous definitions. Negative quantities appear in physical 
measurements (electricity; temperature? etc) and vice- versa-some physical quanti- 
ties c^tnnot be negative; emphasis on shapes, solids and symmetry can be linked' 
both with arts and architecture, but also with the shapes of living things and of - 
crystals; symmetry in particular is connected with the plane mirror reflection; 
itatlstical concepts and tools can be applied to the whole field of science observa- 
tions and rn^easurements; graphs and their interpretation can be more extensively 
applied to the study of linear and nonlinear relationships, to introduce the idea of • 
the rate of change and the rate of growth(14). So, "new" m^hcmatlcs can be 
employed very effectively in the teaching of sciences; but the reverse is also true: 
"new" mathematics can find in science teaching a sound bae&ground in order to 
give the subjects moife relevance to the students, and today tfiis is a vital need for 
"new** mathematics itself. New mathematics in secondary schools has been, ip 
fact, recently attacked as an instrument of class discrimination, as it appeals more, 
on the average, to the children of upper classes familles(15). * 
But, even from the standpoint of traditional teaching the opportunity o& llnkliic '^'^ ^ 
mathematics with sciences (via physics) has been stressed in several instances. ^-v, 
I will not offer here any detailed mention of the numerous mixed or Integrated^ 
and co-ordinated projects for mathematics and science teaching already quoted 
in the "International Clearinghouse"(3). But some of the conclusions of the Lausanne 
meeting of the GIREP in 1967 are perhaps worth recallingt(16)' 
" In every secondary school, at every level,*the teaching of physics and mathe- 
matics has to be tightly co-ordinated. Syllabuses have to be planned accordingly. 
Modem mathematics should not be consf3<lred as something still more remote from 
physics than traditional mathematics: stud«s must be encouraged both to recog- 
nize mathematical structures present In physics and to apply mathematical tools 
(in particular algebraic calculatffins) to physics. The concept of "model" should 
play a fundamental role both In mathematics and physics teaching. It Is not always 
true that advanced physics, taught at non-speclallstlc level needs advanced mathe- 
matical treatment. On the contrary, a sophisticated mathematical treatment of a 
problem could obscure Its physical meaning and Implications. Statistic and pro- 
bability must be Introduced, In appropriate ways, In the secondary school mathe- 
matics curriculum. It is pf fundamental Importance that the language of the mathe- 
matics teacher and physics teacher be unified In a common language. In order to 
avoid confusion and mistakes when treating similar subjects (the case of vectors 
has been discussed as an example; generally the physicist's vector Is different from 
the mathematician's one). And It could be of real value to stress Interactions bet- 
ween mathematics and physics In the historical development of scientific thought. 
To conclude, any effort of co-ordination In the teaching of mathematics and physics 
should be encouraged by school authorities, and the* relevant feed-back periodically 
examined In International meetings.*" 
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However, no matter what practical way may be chosen to develop scientific and 
mafhemafTqal teaching In schools'/ It appears Importanrt to substitute the obsolete • 
. "science hierarchy" with a more general "synthesis of disciplines" applying not 
oply to scientific subjects, but to all fields of cultural activity. On the ground of 
the structures that underlie our present knowledge In airfields, we could think of 
a kind of Howlng link from the logical disciplines (mathematics, structure of the 
language) to the artistic and historical subjects (literature, visual arts, history, 
social science) to the natural sciences (geography,, biology, chemistry, physics, 
technology), thus Unking again with mathematics. In this context, symmetry pro- 
vides the structural link between mathematics and visual arts.^ visual arts and 
Sciences, sciences and mathematics. - ' . 

, » ' 
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Discussion 



It is stated that, of course, the connections between physics and mathematics are 
close and that a good knowledge of mathematics is helpful for a physics teacher. 
Beyond this he ougHt to knov/, how mathematics now Is taught to the students. 
Difficulties of linking mathematics teaching and physics teaching arise, however, 
by some new trends in mathematics and mathematics teaching. At present the ' 
mathematical education seems to be more concerned with fundamental questions 
than with calculations, the knowledge of which x:ould be profitable for physics. 
Mr, THOMSEN reports that special courses of mathematics for use in physics are 
given inevitably to overcome this difficulty. Mnl|AfZ remarks that a physicfst 
(^nd a physics teacher) ought to have knowledg^'ofuielteundation; tpo, not only 
for intellectual pleasure, but also to have profit of it. - It is regretted' that physics 
ah4 mathematics partially use diffejpnt symbols for the same thing; the students 
will then not recognize it. 

Until now it was only discussedkabout the benefits which matUematics provides for 
physics. On the other hand, physics gives good examples of problems for illustra- 
ting mathematics, ' 
Mr. BAIZ feels that the history 6f mathematics and physics can be hfelpful to 
teach integrated mathematics ajid physics and to show their connections, for 
Instance by telling how part of mathematics was invented in order to solve a^ ^ 
problem of physics. - 
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Teaching alternating current as periodic phenqpienon 



1« Alternating current is a periodic phenomenon and should therefore be taught 
in its natural context rather than according to the history of its discovery. Periodic 
phenomena fascinate young and old alike. The **Hidden Persuaders" know this fact 
well and utilize it often. They know that a shop window exhibiting a periodically 
moving arrangement will attract qrowds. - Periodicity occurain the sub microscopic 
vorld as well as in astronomical events and it is obvious in easily observable objects 
and processes like ^heairtf^eats, clocks, electrical bells, "drinking ducks" and all 
the oscillations demonstr^ljed in school experiments. It has even been shown (1) 
that under certain pircuVhstances the numbers of animals of two species in a prey- 
predator population oscillate around an equilibrium state. The distinction 
between processes going on in one direction only and processes which repeat them- 
selves periodically is quite fundamental. Therefore some understanding of periodic 
phenomena should be included in any science education. However, school syllabi 
mainly deal with one- directional processes and oden consider the periodic proces- 
ses only in the special feature of ideal simple harmonic motions, since this pheno- 
menon can be described by simple mathematics. 

Consequently there is ho time to illustrate the rich variety o^ periodic phenomena 
and to consider their mechanism. The kinematical approach deals with the connec- 
tion between SHM and circular motion with the aid of calculations or by use of 
shadow projection. This Approach indeed makes SHM without calculus accessible 
to mathematical treatment, but it does not answer the basic question: how do perio- 
dic phenomena come into existence? Even if the simultaneous shadow projection 
of SHM and circular motion is neally demonstrated - which is done quite seldom - 
the kinematical description deals with moving points rather than with real physical 
objects and is also restricted to mechanical phenomena. This line of xeasoning does 
not enable the -student to understand electrical oscillations. Therefore other physical 
aspects should be stressed mor« strongly. Restoring forces are easily demonstrated 
and will explain to the pupil the to and fro of SHM. The appearance of additional 
forces will explain damping ahd other phenomena, but in view of the generalisa- 
tions required to understand non- mechanical phenomena the dynamical description, 
also, will not suffiiQiently broaden the students* outlook. Especially, it will not apply 
to electromagneticVibrations. However we will find that energy terms are quite 
suitable for describing various features of oscillations like relaxation oscillations, 
free harmonic oscillations, damped oscillations, forced oscillations and maintained 
oscillations. 
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Systems which are capable of storijig one form of energy only can perform relaxa- 
tion oscillations. In an intermittent siphon for instance (fig. 1) 
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Fig. 1 



water runs from tube (a) -into a container. As soon as the water level raise5.^o h2. 
tube (b) will serve as a siphon. If draining runs faster than filling, the draining 
stops with the water level near h| and the whole process starts anew. Thus gravita- 
tional potential energy - and only this one sort of energy - is stored and released 
in this oscillatory process. 

Simple harmonic oscillations, mechanical as welFas^lectromagnetic pnes, arise 
from periodic conversion of two sorts of energy in systems which are capable of 
storing two'sorts of energy, like kinetic and. potential energy or electrostatic and 
magnetic energy. Energy leakage out of the system .produces damped.oscillation^, 
and in order to compensate for the energy losses V^e can drive an oscillatory system 
by another one and produce forced oscillations imposing the frequency of the driver 
oscillator on the slave oscillator. "Maintained or continuous oscillations will arise 
when the oscillatory system is capable of triggering once in each period an appro- 
priate input of energy from an external source at the right time and maintain its 
eigenfrequency. 

We cannot demonstrate to^he regular student the similarity between mechanical 
and electrical oscillations by the similarity of the cofi^ponding differential equa- 
tions. NoKcan w^ expla^ to him the mathematics of damped or forced Oscillations. 
But as we have seen, energy considerations will enable the students to understand 
the generalisations of our concepts and to classify the various sorts of oscillations. 
The energy notions so far used arc taught or can be easily taught in schools. /^f^we 
build our reasoning around some basic simple exp^iments we can* - and I wou^d 
like to say we should - introduce students into the fascinating world of periodic 
phenomena without limiting the teaching of oscillations to those phenomena 
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, which can be exactly described by mathematical calculations. Naturally such a 
course must start with mcchanical.oscillations. A seqond section, dealing with 
electrical oscillations can then»be built on the major physical concepts introduced 
previously and structurecf as far as possible In strong analogy to the first sectior\. 

' 2. The main concepts relevant for , the lowest of such a program are: periodic 
process, period, frequency, arrfplitude, energy exchanges Wjithin an osci]}ator,, 
energy exchanges of an oscillator with Its surroundings, damping, forced oscilla- 
tions, resonance. Only at' a somewhat higher level would we consider phase rela-** 
tions. We shall noW outline s minimum course b^ indicating a selection of experi- 
ments representing the sequence of relevant concepts. We omit formulas, as these 
depend on the'mathematical level of the class. , 
As a first example of a periodic process the above mentioned intermittent siphon 
" is suggested. The^'graph of height (or volume) of water versus time is a simple, 
sawtooth line composed of straight segments only. Students will observe the fre- 
quency which may easily be controlled ^y varying the water supply. Such a 
mechanical relaxation oscillation is desirable for introduction purposes. The 
mechanism fs simple and transparent and may be used for purposes of further illustra- 
tion. The oscillating parameters (height, volume) can easily and should clearly be 
identified. The device illustptes the' way automatic flushing works. It can be 
quickly assembled from an open glass cylinder, a bent thin glass tube and a stopper 
(with a hole) fitting fnto the cylinder. 

We will now deal with the usual examples of simple harmonic motion (damped as 
Iktle as posiible). The students, again, will identify the various oscillating para-' 
Trreters, observe frequencies and amplitudes and the factors controlling them. 
Restoring force and energy, transformations within the oscillating systems should 
explain the m"echanism of oscillating. • - ^ 

It is not essential within the context of our ^^proach to obtain a formula for the 
displacement as a^unction of the time. Probably, the recording of an oscillation 
by a sand pendulum (2) or a similar d§\Ji^®' thoroughly worked out, will serve 
the students of a non-physicists course, better than formal derivations. 
The students then proceed to some self-criticism. They more carefully examine 
the former experiments and observe the inavoidable damping. In addition an experi- 
ment in which the damping is gradually increased should underline these obser- 
vations. A circular'^disc attached to a metal rod, 12-1^ cm long, is attached to 
the mass of an oscillating spring. We then fill with waier three cylindrical vessels 
of various diameters, the narrowest only slightly broader than the disc. Now we let 
the disc first oscillate in air and then in the water. In' air the damping is relatively 
weak andin water, the narrower the vessel the stronger thfe damping. (Overdamping 
-in glycerine- can be demonstrated also). All these, phenomena should be described 
in terms of "frictional" forces and energy losses. It, is^quite natural at this stage,- to 
consider ways of compensating for these losses. The time has come for a demon- 
stration 6f forced oscillation. In a simple demonstration allowing for a wide range 
of frequencies, the vibrations of a loaded saw blade are driven by a rubber band 
which is moved to and fro by a stopper eccentrically fixed on the exle of an . 
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electromotor. The velocity of revolution is gradually Increased by changing the 
voltage. The blade oscillates v/ith the freqyency of the motor, and its amplitude 
of vibration first Increases with increasing frequency and then decreases after pas- 
sln|. a clearly distinct maximum. The experiment should be pefTormed with various 
loads and/or various blades, and resonance frequencies should be measured in each ' 
case as well as eigenfrequencies. Resonance should be illustrated by as many every* 
day examples as possible (2, 5).^ In addition the film on Tacoma bridge collapse is 
a beautiful aid for showing the powerful accumulation of small energy inputs resul- 
ting in resotiance. 

Obviously each of the experiments can be replaced by an equivalent one and ^ 
additional experiments of applications may be used. to give the students Inoreased 
familiarity with the main concepts. It is possible, but not necessary to aiso consi^fOt^^^ 
Sustained oscillations which represent another way of compensating fo; Energy losses. 
The frequency is that of the oscillator and the energy input is automatically trig- 
gered by the oscillations themself. The anchor escapement of our clocks represents 
this type of oscillation. 

$0 far we have outlined a set of mechanical experiments and concepts wiiich are 
desirable in oider to set the stage for studying alternating current. Of couJise, the 
later this par{ of "mechanics" will be treated, the better. A reasonable tinging 
would be to consider it after having studied elctromagnetic induction. ( 

3. Detailed couxses of alternating current are generally offered. in prograhiAfor 
vocational schools or A-level classes. As a result of both ample time allotm^pi 
. and special professional or scientific aims, the topic is taught to those groupsJn a 
rather sophisticated nianner. In schools with less specified goals, we can discern 
two types of approach... In a more traditional syllabus we find, that after having 
treated some electrbdynamics and electromagnetic induction, the topics included 
are: generators for alternating and direct current, transformers, RCL-circuits, some 
technical applications of a. c. and finally electromagnetic oscillations and waves. 
Often a pure R-circuit driven by an alternating current source is first considered^ 
while capacitors and inductors appea; a bit Ikter as new elements compHcating the 
original simple situation. The impe^dance formula is sometimes taught but not 
properly asstmlUted by the students. It Is said to be "pure mathematics" and 
"hard to memorize". In the form it is usually written, it gives no physical insight 
into the process and turns out to be a {neaningless ballast. Some modern syllabi 
lilce PSSC and Harvard Project Physics have drastically cut down on the topic of 
a. c. 'and in effect have elittiinated this subject. 

Apparently it^was felt that the traditional* treatment of a. c. in schools did not 
contribute very miich to fundamental physics and so it was dropped. Perhaps 
Nuffield-O-level Physics is the only school syllabus which shows an awareness of' 
the situation. ThecfNuffield prog<am (3) suggests experiments with low frequency 
a. c. obtained from a hand driven generator and appropriate adaptations to the 
classroom situation. 

Another feature of the usual instructional treatment of a. c. is its adherence tS 
the historical sequence of physical discoveries and inventions. The a. c. generator, 
tfte commutator and the transformer were iSvented in the fourth decade of the last ^ 
century, Maxwells' ideas grew in the seventh and Hertz* discoveries ifi the nineth 



137 




13G 



decade. So most courses pif electricity truly reflect the historical develppment. 
Moreover, a. cr sourccC^ith variable frequency" were not easily available to,^ 
schools until^ about 1 5 or ?0 years ago and teachers were practically bound to the ^ 
frcqucQcyigfcthfe maitis. So' technical conditions also conttibuted in<jiarrdwing the 
&cope of a. c, teaching in the schools. ' . e. 

It is^not .the aim of this paper to argue against omitting the s^udy bf alternating 
current circuits from the school syllabus. The total time allotted to physics in 
various school systems ranges from as low as 100 periods to some 500 and new 
topics of cuifent intetiest are added. So some .traditional subjects have to be^opped 
*and hc^iopic should be exempt from this reevaluatlon. Nor da we intend tia amelio- 
rate the situation by suggesting new experiments since beautiful tep|iniques and 
good surveys of class ^xpe'rinjents and lecture demonstrations are already widely 
accessible to teach'fers (l;2;a;4;5). ^ / ; ' ^ ^ ' \ ' 

The question we deal with is: Provided the time is available, should we drop. a. c. , 
because it is peripheral to tife fundamental concepts of physics or can we find out 
a set of experiments and concepts relating a.c. to basic physical notions? Hope- 
fully such a presentation would serve a double purpose: first as a complete unit in 
n on- specialist physics epurses, and second as an introduction'to a. c; in a^mpre 
sophist\catcd program. . ^ . ^« * ^ 

In order to accomplish this aim i^ seems to be desirable to detach the topic from 
its historic development and to^^ph alternating current in the general context of 
oscillations. The suggested introduction into 3^. c. is built around five or six experi;^ 
ments in- close anal<i^ to our introduction into mechanical oscillations. Hopefully, 
the students have learned that oscillations are connected with energy storage and 
release or with mutual conyersion^of two sorts of energy. We started the study of 
niechanical oscillations with »a glance at relaxation oscillations since these occur 
in systems storing only one sort oC energy. The same might be desirable in the 
study of electrical osci^llatlons. A convenient example is a device for producing 
sawtooth voltage. A direct cunent is sufiplied.to a variable high resistance in series 
with a Variable capacitor. A neon lamp is connected in parallel with the 'capa<?itor 
(Fig. 2). Periodic glow is observed in the lamp. 
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The period is easily controlled by^varying the resistance or the capacitance or the 
source voltage. This experiment introduces' periodical electrical'phenomena, but 
only one form of energy can be stored in the system: the electrostatic energy of 



138 



the charge, contrary to ttie.oscillation circuits we s^ve going to study later which , 
can $tore two sortl of energy. Emphasizing this basic difference illustrates the 
important role of lanergy transfer in oseillatiBns. 

The second experirtients. students' first confrontation with electromagnetic oscilla- 
tions, should be o/ganized i^^^a rather spectacular mahner.^he students shou-ld be 
able to observe thoroughly the pc<?cess and to. discern between the main elements 
of the oscillating'system. Therefore very slow oscillations must be set iip. Th& cir- 
cuit will contain a coil of S0000-4000€ turns with a closed iron core, a condenser^ 
of l-20fiF and^ Suitable meter. The condenser wijl be charged, then the circuit 
qjosed and at least 4-5 v«ry sloW .oscji.U«Uons will clearly be indicated by tfie mfeter. 
The frepipncy Is about one cyble/seQ:^|$d c^n be controlled by changing the capaci- 
tance and the inductance. The studeins will see that increasing L or C de^r^ases 
the frequency. But 'first of ^11 they wfll study the interplay between the storage and 
release of^e' electrostatic 'and electromagnetic eneigy and describe the process 
with, the aid of suitable- diagrams. ^ V ' ^^^^ 

^he\)scillations quickly die out, but this mfght ptove to be an a3v5htage, since 
analogies to mechanical oscillatiqps can be drawn in several respects. There is a ' ' 
storage and a mutual exchange of tWp sorts of energy as well as damping, which 
is familiar to the studenls from prior studies, and they know that damping means 
leakage of energy, ♦ * 

Thfe currents and voltages which appeared in the oscillation circuit will be called 
alternating currents and alternating voltages. Just as in the case of mechanical 
oscillations we should present various ways of producing oscillations i. q. oscillating 

' voltages and currents and also a variety Qf.related technical devices. Some simple 
«devices will be analyzed and\lea'rly eJcplained. Meanwhile the more complicated 
or^es will bfe introduced as black boxes. First w^e show the Nuffield (3) rotating slow 
AG generator which is a periodic potentiometer: A flat coil resistor with^wo 
brushes rotating in contacf n^h a coil qonnected to a d. c. sujJfdy of, say, 4 volt. 
The output voltage piqked ud from the brushes will oscillate beti*een plus and 
minus four volt. We can rotate it by hand pr with a motor. Thej)mportaht point 
is that this mechanism of alternating the voltage is simpile and^vio^s and its 
understanding is not depending upon insight into electromagnetic phenorriena. Then 
we present a somewhat more sophisticated source of a. c. v.oUage: a coU rotating 
in a suitable magnetic field or nesting near a rotating magnet. Finally the sinu^ 
«atid square >^av.e generate! is introduced as a black box. The square wave generator, 
is presented as ^n automatic switch which supplies and oppresses intermittently a 
d.^C'vpltage during equa-l but variablie time ipt<Jhrals. It is advisable to use the 
frequency^ scale of the square wave ^rtd the sine wave generator as the basic timers, 

• but the students must get some opportunity '^to calibrate it by comparing a few fre- 
quencies with that^of the mains. 

Our indicators also will briefly be explained or demonstrated. They are^ loud- 
sp,ejU<cr, an oscilkKscdpe and meters. It is highly desirable to introduce the oscil- 
loscope in the earts^r stages of teaching electricity, but if !t has been omitted, it" 
may be done niw. w<rfio^ also dembnstrate, if possible, that with increasing 
irequenpy a milli-amm^ter or a mictoammeter falls to respond to the oscillations 
while the osqill<55cope does respond, f^inally w*fe provide the meter with a diode 
ind compare again the respdhse^ol both. meter and oscilloscope. 
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Having explained these technical details we return to the main line of reasoning. 
So far we have observed very slow electromagnetic oscillations," We caff now - 
in our third experiment - show the same phenomenon at more usual dimensions, 
iji the frequency range of - say - a few thousand Herz. We have only to change 
L and C appropriately, to replace the meter by an oscilloscope and the d. c. source 
and the switch by a square wavegen'erator. The oscilloscope displays all the essen- 
tial features of the oscillations. Various degrees of damping can be studied and 
its causes be discussed. 'The main issue is that We^isan measure the frequencies. 
This is done by comparing the oscillogramm of the squarewave used for exciting 
, the oscillations and the number of oscillations on the screen. The studehts will see 

again how the frequency of the oscill^itions varies with increasing or decreasing 
• capacitance or inductance. 

The concepts the students have beeh familiarized with by the first three experi- 
ments are: relaxation oscillations, electromagnetic oscillations, energy conversion 
during these oscillations, amplitude, frequency and damping. They are also aware 
that a series RGL circuit represents an oscillatory system with a natural frequency 
^ depending on L and C. As iq the case of mec(fanical oscillations we now consider 
^ oscillations imposed on an RCL circuit by an external alternating voltage, i. e. 
forced electromagnetic oscillations or atterhating current fed into an RCL series 
circuit by arJ^ c. supply. Of course this fourth^ experiment must be performed with 
the same circuit elements we have used in the third experiment. Assume we found 
an eigenfrequency of 10, 000 for that system. Now we insert a suitable microam- 
meter and an oscilloscope in parallel and drive the circuit by the sinewave genera- 
tor gradually increasing the frequency from 1000 to 20. 000. The students will 
clearly notice a maximum of current at 10. 000 and will recall - or be reminded 
of- the mechanical resonance experiment. The energy losses by damping and the 
problem of^ compensating for them will be discussed anew, this time with respect 
to electrical oscillatiorjs. The driving alternating voltage sourqe is the "driver 
oscillator" and the RCL circuit the "slave dscillator" (resonator) which perfornls 
forced oscillations. The varying amplitudes reflect the response, and the students 
find that the amplitudes increase when thd imposed frequency f approaches the 
natural" frequency (q. The stmJents might say "the nearer f is to the more energy 
is absorbed. " They /draw a parallel between the various sorts of oscillations and 
classify the phenomena by using energy concepts. v 
These considerations are not strictly conclusive, but a farther experiment will do 
' both reinforce the latter argument and connect our findings to more'familiar 
dimensions and phenomena of alternating current. This fifth experiment intro- ^ 
duces "tuning" and we take the opportunity of using the frequency of the mains. 
A^oil with an iron core a variable capacitor and a bulb are connected to a 3 volts 
transformer. By varying the capacitance and the inductance - the latter by moving 
the iron core of the coil - we vary the brightness of the bulb. The students find 
that resonance can be established also by adjusting a circuit to a given frequency 
i. e. changing the circuit parameters in order to firing fo'near a given f. Further- 
more the energy input of the circuit is demonstrated by the energy consumption of 
the bulb. So we accomplish the considerations follo,wing our previous resonance 
experiment. 

140 

ERjr ^ ; 139 ■ 



4. We have completed our introduction into our minimum course of alternating 
current, but once the students have experiences with everyday appliances they 
can separately study the influence of the various elements of the RCL circuit add 
examine circuits containing mainly one of them ^ usually taught^n school classes. 
They can proceed to study a. c. appliances as motors, transformers and generators, 
^t a higher level they would study phase relations, and there are various effective 
ways of deqionstrating the related phenomena. At a still more advanced level the 
jnathematics of all t^ese things can be studied. It seems to be desirable to derive 
me differential equations' of the various phenomena from corresponding <energy 
equations. So the mathematical theory may reflect clearly the Intrcfductory course 
we have outlined. 

Finally a brief remark on the impedance formula which generally is written as: 

Z = [.R2 + (Lo)- VCai)2lV2 If the students have recognized that a>2 is l/LC 

- whik studying free oscillations we should rewrite the formula by: 

Z =|^r2 + l2 01 "2(0,2 - 0,0?) 2] 1/2, jn this form the formula is quite meaningful, 

because it is now obvious that co =a>.o means resonance. (Ofjcourse all this isbe* 

yond the scope of the present paper!) " 

The set of simple basic experiments which has b^en suggested used the oscilloscope 
and it seems indeed that sooner or later this instrument will be a standard requisit 
of physics teaching like voltmeter and ammeter. However, for erhergency cases,' • 
it may1?e noticed that even without an oscilloscope resonance experiment's in an 
RCL circuit can be perfornfied at the range of a half to 1 Hertz., If we insert the 
Nuffield slow a. c, generator In the RCL circuit which welused for very slow- 
oscillatibnij (with 20/uF and a 30000 turns coil w^ith closed^iron core') a maximum 

^^esponse of the circuit at the elgenfrequency can be observed witl\,the aid of a 
suitable center zero mlcroammeter. The resonance is quite sharp and clearly 
discemibler ' ^ / 

Finally, some remarks on the literature: Recently, modern university text books 
began to present a. c. in the context of oscillations, but I did hot find, ^o far, any 

" scht>ol text or syllabus with a similar line of reasoning., This is not so surprising. 
The rnodern aim of teaching fundamental physics is bas^d on a scheme of theoreti- 
cal concepts of mathematical or otherwise sophisticated nature. As y^e lack the > 
mathematical basis, we may doubt whether we can teach fundamental physics in 
Schools, but fortunat^y we can replace the* mathematical language by energy 
terms in order to unify the treatment of electrical and mechanical oscillations. 
In the educational literature we find a tremendous variety of definitions of the 
aims of teaching a. c. A new Scottish syllabus for general science claims - quite' 
sensibly In its context - that the students should ''be aware that there are d. c. 
a. c. An American doctoral thesis on the other hand^c6nc€rning teachers* cofmes 
on a. c. drawis' our attention to 52 principles of a. c. electricity In the frequen 
range of 50-5001 I would not like to suggest a simple formula or a set of important 
principles, but rather point out the desirable line of reasoning an^ say: In^e con- 
ventlpnal courses technical a. c. - I.e. in the frequency range of the m^nns - is 
treated outside <the general physical context. The dependence of the ^urrent upon 
each of the various cirbuit elements, like R. C. L. is considered separately. The 
method here suggested begins witti the oscillating system as a whole and studies 
its natural frequency and especially resonance. Alternating current in an RCL series 
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circuit'irpresented as a phenomenon of forced oscillations. So a natural bridge is 
built between electrical and mechanical oscillations of various ranges and the 
comparisons mpy uuucrstooa. r-idm luc system we proceed to the studying of 
the actidn of the parts of the circuit as far as the* level of the class allows. 
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Discussion 

^ ^ • > _\ 

, ^'i ^ ^> '^.^ 

Summary of the discussion J 
(In brtcketts/ the replies of the lecturer). 



1. In an article of D. C. F. CHAUNDY. (S. Bibliography) a similar approach has • 
been presented. 

(CHAUNDY's article has already been quoted in the bibliography ofthe pre- 
conference paper. Its underlying philosophy seems to be indeed quite similar 
to the one we have outlined. However, CHAUNDY only deatribes experiments, 
whilst our intention was to develop *a conceptual sequencTe as a part of a 
syllabus). ^ 

2. The intermittint syphon has been described as a part of an ancient clock in 
the second century B.C. , but my attempts to reproduce it have so far failed. 
Instead of infermittent behaviour a steady outflow occured (If the bend of the 
lower tube is smooth enougli and the rate of inflow small enough the inter- 
mittencies always appear). 

3. The lecturer suggests introducing the oscilloscope quite early. How can it 
be done? 

(Two essential -points must be explained. The electrostatic deflection of the 
electron and the time base. Various vacuumtubes for showing the deflection 
of electrons are available and the field between tVo parallel plates is investi- 
gated in most courses. The general concept of a time base of a recording 
instrument may easily be demonstrated by recording thermometers, baro- 
meters, and hygrometers which are found in small "weather stations" in public 
gardens. The special feature of the oscilloscope time base is quite attractive 
to students. It can be taught as explained in the present papeO. 

4. Why should we prefer tt5 introduce^a. c. as a special form of electromagnetic 
oscillations? What is wrong with the common sequence of electromagnetic 
induction, dynamo, alternafing current? 

(The answer depends on the details of the curriculum. Provided you aim at 
jshowing the existence of a, c. only, any method will suffice. But if you con? 
Isider the dependence of tHe current in a,c. circuits upon the various para- ^ 
meters, the natu?:al context is the general phenomenon of forced oscillations). 

5. The lefcturer has suggested restricting quite drastically the teaching of simple 
harmf&nic motion, but he uses the spring and similar phcru&mtna in his experi- 
ments. What should be the place of SHM in school -tea djftng in his opinion? 
(It is indeed not desirable to limif the teaching of oscillations to SHM only 
and to spend too much time on related matfiematical calculations. Howeve^ 
we should*begin with SHM as ttfe slrpplest form of oscillations and if we are 
short of time or if our students are n9t deeply interested in mathematics, we 
should reduce the calculations and ■: instead - let the pujjils see the large 

- variety of oscillatory phenomena in our world). A 
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6. Can pupils in scwol understand the basic sinilarlty of mechanical and 

^ (Ina few pilot trials we found the pupils quif^nterested in thi-s way of 

^ thinking and they displayed goo^ understanding. However, our rather limited 

--..experience doe5-not allow us to make k more definite statement, but it does 

^ .. encourage further trials). V 

1 M. Feuchtwanger 
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Artaro Lorio and G. Partesptti 

Introduction of quantum physics (not quantum mechanics) into the 
secondary school syllabus 

-(Paper read by Arturo Loria) 



In the ''Annual Trai{iihg CouFse of Teachers of Physics'* (1) which is now in progress 
for the third year at Modepa University, and in the •'Summer Refresher Courses" 
entrusted toj^ur InsUtet^y the Ministry of Education, we too are aiming at study- 
ing how to introduce concepts of modern physics in the Secondary Schools. 
We think that quantum mechanics proper is not in itself a suitable subject for 
inclusion in a Sccontjary School syllabus, for not only does it presuppose consider- 
able mathematical expertise, but it also raises difficult poftits of interpretation. 
We strongly believe, however, that quantum physics can and must "be trea^ted at 
Secondary School level: further, we maintain that this is the first step we should 
take'in order to achieve our airp. 

As a matter of fact, at' Modena we started by considering the problem of intro- " 
ducing special relativity into the Secondary School syllabus, because, firstly, 
there was considerable, widespread interest in the subject among local teachers, 
and, secondly, we were in the fortunate position of being able to base our work on 
the vast body of practical experience deriving from numerous rcsevch projects 
successfully carried through previously in other countries. The actual work was 
mainly the resporisibility of Silvio Bergia, who made his teaching notes available 
in preprint form (2). 

As for quantum physics, work was already started in Modena sorne time ago on 
teaching apparatus.(3), but it was not until the academic year 1970-71 that the 
p/oblem was tackled in its inherent complexity, considerable progress being made 
during the Summer Course held in September 1971. During this second phase we 
have the invaluable collaboration of Bruno Ferretti, whose lessons are now available 
in preprint form (4)(5): we emphasize that this material, a brief desaiption of 
which follows, is meant for secondary school teachers, and not for their pupils. ^ 
It is well known that quantum physics has finally,,demonstratcd the stability of 
atoms, and hence of matter, it seemed to us that the subject is of €uch importance 
and interest as to arouse the curiosity of young students, providing of course that 
they have been previously taught to recognize that this stability itself represents 
a problem, and one which cannot be solved by classical physics. 
Ojn the basis of the principle of equipartition of energy, which relies on classical 
mechanics and on Boltzmann's law of statistical distribution, Perrin showed that 
atoms in the etymological sense actually exist. However, many other experiments, 
notably those of Zeeman and Rutherford, were gradually building up an Increasingly* 
reliable.and exact picture of an interr^l structure of atoms, according to which, 
when the principle of equipartition is applied^* \^arious experimental results are not 
obtainable, for example those concerning specific heats. Hence the choice between 
abandoning either classical mechanics or Boltzmann's law. 
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The experiment of Frank and Hertz, which aff6rds direct confirmation of Planck's 
^hypothesis, namely tha^ energy exchanges between matter and radiation do not 
occur continuously but in quanta, suggests a way out of the dilemma. In classical 
mechanics the energy of a system of particles is a continuous quantity: that this 
energy should, however, be limited to a certain set of allowed values is foreign 
to classical mechanics, which must therefore he modified. 

Taking into account the order of magnitude of the internal energy levels, and that 
of the kinetic energy of the atom "as a whole" at room temperature, we realize, 
firstly, that in the conditions under^which Perrin was working the atoms beha^Just 
as if they really had no internal degrees of freedom, and, secondly, that the oiw 
Crete values that the energy of the atom "as a whole" can assume are so close to . 
one another that this energy varies almost continously. Perrin's demonstration of 
the existence of atoms is therefore undoubtedly correct, even if we accept, as we 
must, Planck's hypothesis. 

It is known that classically the specific heat of the atoms is negative: e. g. the 
kinetic energy of the electron of H increases when the atom radiates. This would 
lead to a complete and, moret)ver, rapid collapse, with the electron falling onto 
the nucleus. It happens, however, that in consequence of quantization there is a 
minimum of total atomic energy when the electron is at a certain distance from 
the nucleus, and that this energy increases rapidly as the distance tends towards 
zero.^In other words, intense repulsion occurs. In this way, the fundamental level 
of H originates, collapse no longer occurs, and the stability of the atom is 
assured. 

If these new principles ar^ accepted, and there seems to be no reason why t^ey 
should not be successfully taught at secondary school level, many experimental 
results which were incomp'-ehensible according to classical physics can be ex- 
plained: it is possible not only to establish the correct b.ehaviour of specific heat, ' 
but also to solyethe'jjroblem of the characteristic spectra of atoms, questions which, 
as we have already seen, are anyway bound up with the stability itself of matter. 
J With Pauli's principle the periodicity of Mendeleev's tuble can be understood, and 
the atomic structure of the different elements determined. Also, the behaviour of 
insulators, conductors, "^and semiconductors is explained. 
From the teaching point of view, it is particularly important to note that the 
homeopolar bond can be explained at an elementary^level, thereby parsing from 
the stability of the atoms to that of the molecules, and that, .similarly, it is pos- 
sible to understand how the laser and the tran^stor work. 

The last part of the program sets out to develop the concept of photon by discus- 
sing the photoelectric and Compton effects, to sho;v wave-corpjiscle dualism in 
the light of the Janossy experiment, and to expound the meaning and some impor- 
tant implications of Bohr's principle of complementarity. 
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(1) . See the proceedings of the "International Conference on the Education of 

Teachers of Physics in Secondary Schools - Eger. Sept. 1970**. 

(2) S, Bcrgia: "Insegnamento dclla Rclativita Ristretta nella scuola secondaria" 
Nov. 1970. 

The second edition (feb. 71) may be obtained from the Institute of Physics; 
Modena University. 

(3) A. Loria, R. Cecchi. R. Randighieri: "Apparecqhio didattico per la 
detcrminazione calorimetrica dclla costante dl Planck" -Giomale di Fisica IX, 
278 (1968).' 

(4) Lessons by B. Ferretti regarding the introductton of notions of Quantum 
Physics in the Secondary Schools, collected by G. Partesqtti (March, 1972). 
The preprint may be obtained from the'lnstitute of Physics, Modena Universjty. 

(5) A number of undergraduates working with the guidance of C.Bonacini produced 
degree dissertation which have made an effective contribution to our work. 
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Discussion 

Mr. THOMSEN asks, why a choice has to be made, If to teach the theory of , 
relativity or quantum physics. Both are Important, and partly they Interact. 
Mr. LORIA responds that In Italy It Is at present very difficult to Introduce changes 
In the traditional curricula, because these are rigidly fixed by the State, and be- 
cause time devoted to physics Is so scarce that teachers hardly manage to teach 
what they must teach, 

It Is discussed about the best way to introduce quantum physics. The author prefers 

to start witlvtbc stability of matter rather than with the Bohr atom. Mr. BAEZ 

thinks a start which Includes a historical view,- to be profitable and enlightening^ 

Also It Is suggested to begin with the photoelectric effect. 

Mr. LORIA replies that he would prefer to leave alone a mode|^whIch Is not only 

definitely obsolete, but also very far from what we believe to-day about atomic 

structure. He also emphasizes that one miglit have a quite satisfactory historical 

view even by following the way of the stability of matter. 

The author Is going to publish and to implement his educational material. 




Mieczysfaw Sawicki 

Teaching physics to gifted pupils 



In 1969 an experiment was initiated in six schools which providle Instruction in the 
field of physics and mathematics for able students. Research in question, carried 
out under the scientific guidance of professor W. Oko^, pertained merely to the 
teaching of physics. 

1 . Two main hypotheses were set forth: 

1.1 Teaching physics to able students becomes more efficient If a special 
gradation and selection of content is introduced, considerably differing 
from that prepared for the rest of students. - 

1. 2 Teaching physics to able students becomes efficient if the following 

teaching methods are introduced, i.e. teaching by discovery., teaching 
through research and teaching through emotionaL£^erlence (according 
to W. 01<on) . 

2. Verification of the first hypothesis required a special ctirrlculum for grades I 
and II of the secondary school (students aged 15-16) which was constructed 
according to the principle of structurlzing the teaching content by means 

o| the m4trix method ( Annex I) . Mechanics^r*gjf^ented uniformly with- 
out division into classical, relativistic and -quantic. The basic concepts are 
the following: frame of reference, transformation and invariant, while the 
basic law is that of conservation. Relativistic physics in a geometrical shape 
(Minkowski's diagrams) is introduced at the beginning, so that it can be 
used wherever it is possible, e. g. in electrodynamics. Although not many 
laboratory tasks were prepared there was much tim% spent for them. Im- 
portant role is played by mathematical logic, theory pf sets and - to a smal- 
ler'degree - algebra and the theory of function. Both vectors and graphs are 
introduced at the very beginning. 
Verification of the second hypothesis required 
2. 1 providing students with the opportunity to use university y/orkshops for the 
freshman year. 

2. 2 introducing a non-rigid approach to the problem of textbooks (each student 

could select a textbook). 
2.3 ^introducing a group- problem-splving method (students workecj in groups of 

two or three). 
2. 4 constructing special problems for students, 

2. 5 emphasizing techniques of intellectual work. - . i 
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3. In the aburse of the expdfi^pnent the following research instruments of both 
didactic and psychological nature were used: 

3. 1 test measuring students' attitudes toward science (lEA J965) administered 
twi^e: at the^stage of selecting able students, at the end of the first year 
of instruction, 

3.2 W^chsler's intelligence test, 

3. 3 test rn^uring the understanding of basic physical concepts introduced In 
the course of instruction in the primary school which was administered at 
the stage of selecting able students, 

3.4 test measuring the understanding of basic concepts and laws of mechanics, 
administered atxthe end of the first and the second year of instritction, 

3. 5 test measuring tt^eunderstanding of basic concepts and laws of electro- 

dynamics, administered at the end of the second year of instruction. 

4. First research results 

4. 1 Concepts of tran^ormation and invariants in physics are welf understood 
by 14 and 16-year-olds. * . 'V, 

4. 2 Basic concepts and laws of relativistic physics in a geometrical- represt;^ta- 
tion are also well understood at this age. 

Teaching basic conceptual structures, for instance, the law of Conserva/^. 

tion speeds up the learning and activates the educational process. ^ 
4. 4 The experimental curriculum elicits a positive transfer of concepts ana ' 

laws from the field of mathematics and especially of algebra of sets and 

mathematical logic. 
4. 5 TTie introduction of the what-<a*r6-called general problems considerably 

increases the students* intercs^in physics! 
4- 6 Teaching physics to able students requires 

- to individualize instruction in the field of curricula, textbooks, problems 
and learning speed, 

- to replace lectures by individual or group work according to the problem- 
solving method, 

- to adjust types of" laboratory tasks to the level of the students* knowledge 
and to give them the opportunity of selection. 

4. 7 No correlation has been s(tated as between achievement and 

- amount of education in parents, , . » 

- environment, 

- attainment in physics in the primary school 

- attainment at the entrance examination 

4. 8 Positive correlation has been stated as between the students' achievement 
and 

- 10. ' 

- amount and type of reading. 

- amount and type of independently solved problems, 

- sex (girls revealed lower achievement). 
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Table 1: The Structure of the Qirriculum for the 4-Year-Course 




The A t#mlc Structure of 
Matter and Electromagne- 
tic Radiation 



Thermo 
dynamics 



Elements of Nuclear 
Physics 



Annex I • 
Physics for talented pupils 

(School of Mathematics and Physics) - ^ 

1. The first year of teaching ( pupils aged 15) * 

1. 1 General structure curriculum of teaching in the first year 

The subject of the first year teaching of physics in a mathematics-and- 
• fSTiysics school is mechanics. It is no more divided into classical, relatrvistic 
and quantum. 

^ Here.the following notions are fundamental: the reference system, trans- 
formation and its invariants, field, reaction and energy. The basic laws, 
however, aje those of conservation and symmetry. 

The most popular language of didactic description is graphic representation 
(diagrams), it enables the studentship understand, mechanics as the section 
of physics dealing with spaqe-rtime andl)odies. This visual presentation oF 
physics in a geometric style causes good transfer of general Ideas of ^pace- 
time Into qtjier section of physics such as electrodynamics or atomic 
physics. 

In the process of learning the following factors are widely used: vector 
analysis, the language of algebra, the theory of multiplicity and mathe- 
matical logic. The new kind of problems (general onesy Is being Introduced 
and splved, 

• * />- 
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Physics laboratories enable the pupil to verify the basic laws throtigh experi- 
ments. They make him acquainted with some simple techniques of a scienti 
fic experiment. ' 

The widq^ applying of electrical methads in mechanical experiments Appears 
to be the characteristic feature of these experimental work. 
1.2 'Syllabus 

iThe third version modified after havihg been tested for 3 years on a ^sample 
of the population of about 200-300 pupils (the children of peasants and 
workers) in big industrial towns and in rural areas. 

1. 3 .Mechanics J . > . 

1. 3.1 Motion aijrf Forces (30 h>. . 

The Scientific mfethod. Vectors the language.of Physics. Velocity and 
Acceleration. Some applications thfe fundamental ideas of kinematics. 
The radial component and the transver$e*component of acceleration (cen- 
tripetal acceleration). Inertial coordinate system. The Galilean transfor- 
. mation. The Principle of relativity. Invariance Principles. An introduction 
to forces, Theliatur* of forces- III Newton's Law. Mass-and Newton's 
second law, Mohientum ofj>article. Non-inertial coordinate systerri. 
D*Alembert'$,Law. Inertial forces. Forces in circular motion. The Coriolis 
^ force. Friction. Classification of forces. , 

1 . 3. 2 '^'R^lativistic kinematics (8 h ) 

Michelston-Morley experiment. The postulates of the sp^ti^l theory of 
relativity. Minkowski diagrams. Space and time in relativistic kinernatics. 
Length contraction. Time'dilation^ Simultaneity. The Lorentz transforma- 
tion. Relations between velocities. The irjterval. Light cone. 

1 . 3. 3 Energy ^nd Field (30 h) - ' ; 

' Conservation of momentum. The relativistic mass. Work and energy. 

Kinetic ^pnergy- Reliction between: momentum, rest energy; kinetic energy. 
^ .-Transformation of momentum, energy and force. Work, force and energy. 
Work and .potential energy. Conservative forces. Hamiltonian of mechanfcs 
system. Some applications conservation laws. The potential energy graph. 
'Potential well. Gravitational force, constant, mass. Gravitational field. 
Lines offerees. Total number of lines. Gauss's Th^eore^. The field strength 
' Some problems of field theory: gravitational potential energy, the escape ' 
velocity. The center of mass. The inertial mass. Weight. Non-inertial 
coordinate system and gravitational field. Einstein's principle of etiuivalenc 

coordinate system, space-time mass). The Chronometer in gravitational 
field; - ' , 

1.3.4 Rotational 'flynai mi cs (10 b) . , , 

^ Jerque momentum. Moment of inertia. Rotationil kinetfc energy. Angular 
. * momentum. Conservation of angular momentum. Precession. Gyroscope, 
"i. 3.-& Practical Physics - part I (15 h) • . , • 

, '^e Vernier scale. The micrometer screw gauge. Verifitation Newton's 
Law ofaccelcrated motion. 'To ^easure the acceleration due to 'gravity a 
free fall method. The second L^W of rotational motion. 'Coefficient of 
" djrnamlc friction for woo^ on wood. Maxwell's wheel (fly whe^l),^ 



1. 3. 6 Introduction. Hooke's Law. The equation for simple harmonic m^ioi. 

The simple pendulum. The period (T). Rotational simple harmon^motion. 
. . The energy associated with ai? oscillating object. Damped oscillations. 

Resonance of oscillation. Superposition of two vibrations. Wave motion, The 
PJiase, period frequency, amplitude, wave-length, wave front, intensity. 
Some other forms of travelling waves (longitudinal pulse?, transverse waves). * 
Reflection wave.^ Refraction. Refracitive index. The equation of a sinusa-^^' 
idal travelling plane wave. The Huygen's principle. The diffraction wave. 
SupeKposition of waves. A mathematical description of interference. A 
mathematical description of standing wave.^ The phenomeopn of beats. 
^ The amplitud'b modulayon of waves. Wave groups and group velocity. 
Dispersion. Fpurier analysis. The Doppler effect. Rclativistic Dopipler 
effect. Polarisation. The application of wave theory to sound. 

1.3.7 Practical Physics - part II (1 5 h) ' 

Decay of oscillatibns of ^ fimple pendulum. Modulus of rigidity using a 
torsion pendulum. Investigation of superpositiprf of vibrations. (Use of the 

^ ^ cathode ray oscilloscope). Velocity of sound in brass using Kundt's dust tube. 



, Table 2: The Logical Strucn|re of Mechanics (First year of Instruction) 



Classical 
Theory 



















' Quantum 


^ 


Motion 




Relativist ic 


Theory 




and Force 


4- 


Theory 

















LaWs and Inva- 
riance Principle 



ijarmonic motion 
and waves 
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The second year of ^eraching (pupils aged 16) 

General ^u^ijre Curriculum of Teaching in the Second Year 
Elect||o(^^ics is another structure of notions to form the pupil's view 
upon the nature in the terms of phenonienology. 

Hejyer the. central ideas are: the idea 'of the electromagnetic field and its 
j^evan{ reactions. 6 

The pupil approaches the mathematical model of that kind of field 
(formed by J. C. Maxwell's law^ by generalization oJ facts or detailed 
ideas. 

Here the following methods of iearnipg are used: the study of the invari; 
ance of quantitjej^ and laws, the description of some phenomena frorb 
ffie point of view of different coordinate systems, the use of .formal ana- 
logies between the idea of a field in mechanics and electro^iyftai^ics, the 
gtap*hic representation of the processes and dependence, and the frequent 
use of all the basic notions in mechanics. ^, 

At this stage of learning the following elements are added to'the language 
df mathematical description: the elementary calculus^of derivatives, the 
complete vectorial calculus and the basic methods of vector analysis. 
Gauss's theorem is also of a^great didactic function* 
The electromagnetic field is introduced as the product of relativity. Only 
the vector B is used. 

The phenomenon of electromagnetic induction is described from the point 
of i^iew of the ijjfirtial systefn. 

The procedure"^fThe quantization of the electromagnetic field is intro- 
duced. 

The aim of the physics laboratory is to acquaint the Rupil with the measuring 
apparata, to instruct him how to me'asure the electrical quantities and to 
make him understand the fundamehtafprocesses at the base of which lies 
the electromagnetic reaction. 
Syllabus ' ^ 

The second version modified zrfter having been tested for 2 years on a 
sample of the population of about 200 pupils from big cities and industrial 
and rural areas. 
3 Electromagnctism 

3. 1 The electric field (54 h) . ji_ 

3. 1. 1 The electric field in the vacuum (12 h) 

Electric charge. Coulomb's Law of Force. Intensity of the electric field. 
^ f^The superposition principle. Density of lines. Gauss's Flux Theorem, 
^^^^ples, use of Gauss's Flux Theorem - Field of a^uniform spherical 
shell of charge. Field of spherical charge distribution. Field in region a 
charged cylindrical conductor. Field ouf from an inifinite plane of uniform 
charge density. Fiel3^ of ^an electric dipole along axis and normal to axis. 
Work and potential energy. The conservative nature of the electric field. 
Potential difference and potential. The superposition principle applied to 
potential. The gradient. Relativistic electric fi^ld%effects. 
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2.3. 1.2 The electric field of the presence of matter (6 h) 

Dipole In the electric field .Vector D (electric displacement). Polarization 
vector. Boundary conditions at a Dielectric surface. Polarizablllty, 
Segnetoelectric. Plezoeffect. " - 

2. 3. 1 . 3 Conductors and Electric Fields 

Charge'^Istributions In 'Conductors.. Vector E in conductors. Capacitance. 
Capacitors. 
2. 3. 1.'4 Electrostatic Stored Energ/^ce h) 

The energy systems of charges. Energy of the conductors. The stored - 
energy density. 
2. 3. T. 5 Current and circuits (14 h) 

Electric Current. The current densUy. Resistance, Resistivity. The Ohm*s 
fcaw. Energy exchange in a circuit. Electromotive force. Kirchhoff's Rules. 
2. 3. 1. 6 Practical' Physics - part m (14 h) ^ 

Fundamental electrostatics experiments. Estimations permittivity of air. . 
To Investigate the charging of a condenser through a resistor. Measure- 
ment of capacitance. Estimation of e/m MIllikan*s ipethods. The use of 
the potentiometer. Verification Ohm's and Kirchhoirs Laws, 
a. 3. 2 The maghetic Field (20 h) 

The magnetic force between current elements vector quantity B. The 
permeability of free space. Relatlvl;stlc modification Coulomb's Law. 
Blot's-Sa^art's Law* Amperes clrculfal law. Ampere. The maghetic 
dipole. Forces on Isolated moving charges. The Lorentz force equation. 
Motion of charged particles In electric and magnetic fields. The unity 
of electric and magnetic field. Magnetism in matter. Paramagnetism, 
. diamagnetism and ferromagnetlsm. 
2. 3. 3 ^The electromagnetic Field (40 h) 

.Induced electromotive force. Faraday's Law of Induction. Lenz's Principle. 
I Motional electrofnotive fotce^ Mutual inductance between two circuits,. 
Self'inductance. Stored magnetic energy. Alternating - current circuits. 
Sinusoidal time variation. AC voltage applied to resistors Inductors and 
capacitor?. Vector diagrams (complex numbers). Series LCR circuit. Paral- 
lel LCR, circuit. .Power in AC circuits. The applications df induction. 
Oscillating circuit closed and open oscillating dipole. The LC oscillatory 
circuit. Maxwell's equations. Electromagnetic waves. Tuning and detec- 
ting radio waves. * 
2, 3. 4 Practical Physics - part IV (20 h) 

. Verification Blot's-Savarfs Law. Estimations the Magnetic Force between 
cunent elements. Estimation of e/m using the "magnetron effect" and by 
a deflexion method. The use of the ballistic galvanometer. Mectromagnetic 
Induction. The self-induction of a coil. Investigation of RC,LC,RLC 
oscillatory circuit. The characteristics of a diode and triode. Resonant 
Jeedback oscillator. Tuning and detecting radio waves. 
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Table 3: The Logical Structure of Electromagnetism ^ 
(Second Year of instruction) ^ 



The Electric 
Field 



The Magnetic 
Field 




Relatlrvistlc 
Theory of 
Electromagnetism 



The Electro- 
magnetic Field 




Electro:r.;;gnetic 
Waves 




Quantum Theory of 
Electromagnetism 



156 



ERLC 



If)!)} 



v. On the evaluation of science teaching 
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John P. Keeves 

The lEA science project 



1. Background Paj?er ' 

The completion of the lEA MkthematicS/Study*(Hus^n, 1967) contributed to an 
underjtanding of the relatlonsmps between inputs an^l outcomes of the educational 
process. 'This jicnowledge^afl^^xperfence could now be applied to studying such 
relationships In other ajf^asTHenbe^the lEA project entered Phase 11. 
In the autumn of 1966,WA formed an Lnternatlorfil committee for the lE'A Science 
Project ^whlch was chalreo^y the English representairfve/ Mr. L. C. Comber, who 
had recently" retired from tHb position of o^ie of He/ Majesty's Inspectors. Professor 
Karl Hecht of the Federal Republic of Gerinany w^s a member of this Committee, 
supported by seven other committee members from different countries which were 
taking part in the project. 

At the same time each^research center participating in the study formed an lEA 
Natldnal Science Committee. The competencies represented on each committee 
were ej^pertlse In Science, 'In the teaching of Science In schools, and In test con- 
struction. Tabl'e l 'lists the countries talcing part in the lEA Science Project^and 
shows the levels at which testing took place In each of the countries. It will be 
seen that not only were most of the countries of Western Europe represented,' as > 
well as the United States. Australia. New Zealand, arrd Japani^ but four dev^eloplng 
countries. Chile. India. Iran and Thailand were also Involved. ^ 

The Importance of the Inquiry to science education 

"The Inquiry was planned at a time when In many parts of the world the nature of 
Science education and Its contribution to a general education, as distinct from a 
Specific training, were being closely examined. The traditional patterns of science 
teaching, affecting both subject content and methods of learning, were giving way 
to new programs. '^ften under the stimulus of curriculum grojetts organized on a 
large scale and employing new approaches to curriculum reform. It Is true to say 
that the Inquiry was made at an Important stage In the history of Science education 
"and that the results obtained will be viewed with great interest and r".?y influence 
considerably the direction of future progress. 
In ^hiSrCiiaiiging pattern certain aspects stand out: 

- Traditional content is frequently being pruned away, and new and'sometirao^ 
untried topics are being substituted. 

- Methods are changing, too. From quite an early age a spirit of inquiry and investi- 
gation is being infused Into the work. As a result the methods of study and the 
attitudes developed are considered to be least as Important as the knowledge 
acquired. 
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Changing methods are linked with the natu;e and extent of the practical 
- experience provided in the laboratory. Countries and schocHs.within countries * 
would appear to differ markedly in their emphalis on laboratory experience* 
;The outcomes of these differences in practice, which stem from financial qon- 
8i(j^ation8 and the level of technological development in the area or country 
concerned as well as from an^ approach to Science education^ are of considerable 
pedagogical importance. 
Ibis clear that although the lEA study was made at a time when Science education 
was in a state of flux, which imposed serious difficulties when the procedures for 
a large-scale, objective, comparative study were being worked out, it came at a 
..time when the findings of such a study would be most valuable. 

The construction of the insijumeJifU for the science project 

For the construction of the cognitive tests In Science, it was first necessary to 
obtain as complete a view as^?e?sible of the curricula in Science in the participa- 
ting countries at the three levels of testing: 1 0-^'year-olds, 14-year-olds, and the 
pre- university grade. The International Committee prepared a tentative grid of 
content areas and objectives and circulated this to national committees, asking 
them to extend it on either axis and to complete it according to what was taught 
at the actual pre* university grade and *t the modal grade level for the cases of 
■ the chronologically defined populations. Four methods of content analysis were 
suggested for preparing the national grids: * • 

- of the major text bqoks, 

- of national examinations where they existed for the target populations, 

- of the subject content which groups of teachers (for example, in schools of . 
different ty|ies) safc^t|jli|Eiy taught, and 

- of national or regional syllabuses. 

The various national grids were merged into a total international grid. A set of 
ratings for each cell was then obtained from each national committee, concerning 
the amount of emphasis given to the cell in the teaching of Science for the target 
population in question. At the same time the hypotheses that were of particular 
interest to the InternationaLScience Committee were formulated to give a focus 

to the investigation. ^ '. 

On the basis of the ratings and the hypotheses advanced for testing, the International 
Science Committee, in collaboration with the national committees decided which 
cells to test. Items were then supplied from existing tests or were written by mem- 
bers of both the national committees and the International Scienqe Committees. 
All items from existing tests proved to be in need of editing by the International 
dommittee. Particular emphasis was placed on producing items measuring the 
higher cognitive skills (See Bloom, 1956) and those testing special abilities such as 
"the design of experiments or the handling of scientific apparatus, 
items were first selected from the point ©f view of their coverage of the subject area 
to be tested and. as far as possible, witi equal representation from the contributing 
countries. The final decision for the inclusion or exclusion of an item depended in 
each case on whether the item, in the Committee's opinion, was potentially a 
good one. All the items to be used were then put into a multiple-choice form with 
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five alternative responses, and new items were devised to fill in the most obvious\ 
gaps in subject area coverage. Rough drafts of these initial tests were thep sent to 
all national centers for comment. After replies were rcceiv^ed, pre-test versions 
were prepared. In all. Just over 1600 items were pre-tested in order to construct 
the final tests which contained about 400 items. \ 
Pre-tcsting of items was carried out by sixteen countries early in 1968. The 
testing load was kept manageable by rotating among cpuntries the different paral- 
lel forms of the' trial tests. Before undertaking the pro-testing, national centers 
were given advice on how to deal with difficulties of translation, the use of popu- 
lar and scientific terms and units, andihe substitution of local plants, animaU, 
and materials for any in the items that would be unfamiliar. 
The students' responses from this pre-testing, which was carried out on judgment 
samples of 100-200 students fo; each population and sub- test, were analyzed by 
national centers and submitted to lEA Headquarters where they were collated. The 
final selection of items and their arrangement in the tests was carried Out by the 
International Science Committee at. a meeting in July 1968. The itsems for each 
cell to be tested were selected in terms of their face validity and their statistical 
c^^aracterUtics which were obtained from the item aQfilysls. In the final test$, there 
were, eleven items that were common to Populations I and II and twenty that were 
common to Populations II and IV . . 

It was felt that, the International Science Committee should make an attempt to ^ 
assess the student^ ability to understand the nature and methods of Science. To this 
end. a test which dreW heavily on the TOUS test developed by Cooley an4 Klopfer 
(1961) was compiled and pre- tested in late 1968. Comments were received from 
eleven countries and full pre-test results, including item analyses, from eight. On 
the basis of these data, it was decided to include ii^ the test battery tests on '^Under- 
standing the Nature of sfcience** for use with Populations II and IV respectively. 
One of the major differences between countries in their approaches to the teaching 
of-Science was in regard to the place accorded to practical work in ttfe laboratory 
or field. Many of the new developments in Science education are concerned with 
the question of the nature and extent of the»first-hand experiences that are conside- 
red desirable during the study of Science at school. In fact, one of the most impor- 

tant h ypotheses to be teitedJ aV the S rif nrp prnje c t w as th^t students le a rning ^ 

Science through actual enquiry and by sound scientific methods would achieve 
higher tqtal Science scores than students being taught by traditional methods. 
Since administering laboratory practical tests would have created difficulties in 
many countries, because of the demands on time, equipment, and space in the 
schools, it was decided to I icorporate, in each of the cognitive tests for Popula- , 
tions II and IV, paper and pencil items aimed at measuring the results of practical 
experiences. Laboratory tests requiring a minimum of apparatus were also prepared, 
but it was optional for countries to afdminister these tests to their samples of 
students. 

As well as a total score for Science, for Population II for example, there were also 
sub-scores available as follows: Theoretical Science, Biology, Chemistry. Physics. 
" and Practical Science. Furthermore .^there were also sub-scores on the behavioral 
objectives: (a) functional information, (b) comprehension, (c) application, and 
(d) higher process. 



Attitude and Descriptive Scales 



The project also attempted to assess certain non-cognitive outcomes of Science 
education - in particular, interest in Science and engagement in scientific activi- 
ties, attitudes coi^erriing the place of Science in the modern world, dnd attitudes 
towards schooling. Id addition, items and scales were prepared to assess emphasis 
on laboratory work, on investigation and inquiry, on the use of the textbook, and 
to measure aspects of the school environment. Unfortunately these attempts to 
assess non-cogiiftive features of Science educatiofi proved for one reason or another 
to be; rather unsatisfactory. 

TJie Questionnaires 

The most important tools for obtaining Information on the inputs into the educa- 
tional systeni - the teaching objectives, the classroojii practices, and backgrouhd 
of the students 7^. were the questionnaires. It was decided that d|l students would be 
asked, among other things, to give information on their home backgrounds, subjects 
being studied at present, arid outside activities; teachers of Science in each school 
would be questioned about their training, use of teaching time, organization of 
material, and other teaching activitiesj; and school principals would be requested 
to supply information about school organization, 'enrollment, finance available, 
and so on. These questionnaires were pre-tested in 1968 and final forms were pro- 
duced in 1969. ' , 

In addition, a'National Case Study Questionnaire was devised to be completed by 
each national center. Each CQuntry was requested to submit appropriate parts of 
the questionnaire to experts in national educational policy, economics, sociology, 
and demography. The data from each country could thus be examined in relation 
to the social, economic, and cultural milieu from which they were obtained. 

Data Collection 

To make the whole study which involved "assessment in six subject areas practically 
manageable, ihe work was split Into three stTges: Stage 1 was the inltrum ent con - 
struction* described above. Stage 2 was the international testing in Science, Reading 
Comprehension and Literature', and Stage 3 was the testing in French and English, ^ 
as Foreign Languages, and Civic Education. Each national center appointed a 
National Technical Officer to be fully responsible for the day-to-ddiy administration 
of the program. 

Manuals were written by the staff of the lEA Headquarters for National Technical 
Officers, school coordinators, and test administrators, detailing the exact steps to 
be taken in carrying out the testing. MRC (Measurement Research Council) answer 
cards were prepared and national centers given the choice of having students answer 
directly on the cards, which could then be read by machine, or answering in the 
test booklets and then having the answers transferred to punched cards at the 
national centers. All instruments and the nrranuals for school coordinators and test 
administrators had to be translated by the national centers. A check on the accuracy 
of the translations of these instruments was kept by requesting back translations pf * 
certain sections. <. . 
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A dry-run was held op judgment samples with Stage 2 Instruments to test admini- 
strative procedures and to detect any unforeseen problems. Appropriate adjust- 
ments were Uien ma<ie and work begun on the main tejting. Stage 2 main testing 
was carried out between January 1970 and February 1971, and Stage 3 between 
February 1971 and February 1972. 

The schools and students to be tested were selecfed by the national centers by 
means of stratified probability sampling. The object was to have the standard 
errors of sampling for national mean values as small ai possible at the least cost. 
Sampling plans were devised so that every student in the defined population had 
a specified non-zero chance of entering into the sample. All sampling plans were 
checked by an International sampling referee, and then the sthools chosen were 
Approached. Each national center had available a secondary list from which to 
supply replacements for those schools which declined to participate. 

Data Analysis ^ 

The data were edited, sorted and filed by the lEA New York data processing unit. 
Total scores and sub-scores for each student for all criteria were then computed. 
Unfortunately, in one or two Instruments and for one or two population levels, 
scoring errors occured, with the result that some of the Science classroom des- 
criptive scales and the Test on Understanding Science at Population IV level had 
to be dropped from any further analyses. 

For each population, country by country, weighted means, standard deviations, 
and frequency distributions were produced. Weighting was applied for each stratum 
employed in the sampling plan to allow for any shortfall gf schools or students with- 
in the stratum, k 

A report on the cognitive test scores for each school, comparing their results with 
those for similar schools in the country and with all schools within the .countrj^, 
was sent to each of the participating schools by its national center. Furthermore, 
item analyses were produced for each test for each country. 
For each population tested, student, teacher, and school files were prepared in 
New York and sent to Stockholm wtiere the main work of the hivaiiate and rmiiti-- 
variate analyses was carried out. The necessary transformations on all variables 
were undertaken, and between-students and between-schools correlations were 
computed using existing pairs. Whereas the data for students were weighted for 
the student univariate and blvarlate analyses, in the between-schools analyses 
initially unweighted data were used, but subsequently the data were weighted. 
In carrying out the regression analyses, essentially two types of analysis were 
made. In the first set of analyses characteristics of students, teachers, and schools 
were examined lo relation to achievement test scores, using students as the unit 
of analysis. In the second set of analyses the same variables were examined, using 
schools as the unit of analysis^ 

The first step in the between-schools analyses was to form a weighted composite 
of six variables representing the long-term home effects. Thfs composite included 
the variables: father's occupation, father's education, mother's education, number 
of books in the home, use of a dictionary in the home, and size of family, scored 
negatively. Thus in the between*- schools analysis this composite variable indicated 
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the socio-economic and cultural level of the community in which the school was^ 
set. 

The effects of this composite score, referred to as a School Handicap Score (using 
a yachting analogy), were regressed out from the zero^order correlations b^tWeen 
t^ independent variables and the total Science criterion scoi€, in ^ second step 
standardized partial regression coefficients were obtained making allowance for 
the Type of Educational Program provided by the school or for the Type of School 
involved. In this way the schools were given a handicap, using degression analysis 
procedures, according to the nature of the community the schools serve^l and the 
type of program they offered. A school was to be Judged in terms of the factors 
contributing to the achievement of its members after allowance had been made 
for the home background of its students and its type of program. ' 
A reduced list of predictor variables wai produced \p\ each population for each * 
population for eaCh country, containing those variables having large partial regres-* 
slon coefficients, when errors of measurenrjent arising from the size of sample 
employed and other sources were borne in mind. A distinction was also made bet- 
ween variables that were found to be important for afl countries and variables that 
were unique to specific countries. For each population these variablejf were clustered 
together to form, meaningful cornposltes, using national weights based on the size 
of the partial regression coefficients after the effects of the School Handicap Score 
and Type of Program had been allowed for. 

The variables or cluster of variables were then grouped into blocks in a prede- 
tennlned order. The general strategy was to enter into the regression analysis first 
the long-term home variables, then the type ofschool and type of program variab- 
les, followed by the learning conditioni, Includirrg the student characteristic^, the 
teacher variables, and the school orgar^aation variables, and with the kindred 
or allied variables entered last« 

In the multiple regression runs, a variable was permitted to enter the analyses if 
its level of significance exceeded a prescribed value (F « 2^ 0). Furthermore, the 
increase in variance accounted for by each block variables was computed, as well 

as the standardised parti a l r eg ress i nn rnpffirff*nf fnr parh v -^n ^aM f^ v^hirh -efttered 

the regression equation. The main results of interest are of course the regression ^ 
coefficient for each variable and the <r:arlance accounted for by the blocks of 
variables that were entered into the regression equation in a causal or logical ' 
order. 

2. Paper given at Seminar 

I wish to talk today, about some of the results of th^IEA Science Project. Wd were 
interested in carrying out a survey across coufttrles to try to deterrplne the factors 
in the educative process vhich influenced the achievement of students in Science. 
While for some sj)eclfic ptrrpose objective tests may have severe limitations, we 
considered that for survey work they were the most effective and efficient jneans 
of obtaining information about student performance, provided the tests were both 
valid and reliable. With a project of the magnitude of th4s study, it was essential 
that the responses of the students should be machine scored and tjils was only pos- 
sible wdlth objective tests, 

*' , 
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Sometimes we {?lt that the project had become overwhelmingly large, since 
Science was only one of the six subject areas tested", but Involvement In more 
than one subject area had clear advantages for the development of an understan- 
ding of the school systems of each country concerned. Although we tested students 
at, the lO-^year-old, 14- year- old and termlnal«secondary school -levels, this discus- 
sion will refer mainly to Pojiulation II - the 14-year-olds, and Population IV - 
the group In tiielr last year of secondary schooling. 

Cross -national studies have two unique contributions to make to a*n understandtSg 
of educational phenomena. On the one hand, we are I'nterested In parallel analyses 
/ within each country. In which case the countries serve as replications of an experi- 
ment and provide an opportunity to test In a broadet context relationships that have 
been observed previously In single national systems. On the other hand, these 
studies make poss^lble comparisons atross countries, examining In what respects 
countries diffeV In their level of performance, and attempting to understand those* 
differences In terms of the characteristics of the countries Involved. The kinds of 
analyses to be presented today vvHl sometimes be comparisons between countries, 
and on other occasions will Involve replications of relationships from one country 
to the next. 

In the analyses the Individual countrief'wlll be Identified, but it Is not our pur- 
pose In this Inquiry either to applaud or to point the finger at any one country with 
respect to Its l&Vel of achievement. We are Interested only In understanding; an<i 
In this contiext It is the nature of the; country and [ts economic, social and educa- 
tional system that we are trying to relate to the achievements of the student at 
school. 

Included In this study were four developing coutitrles, Chile, India, Iran, and 
Thailand, and their lack of economic development or of a- background of universal 
education showed up very dramatically In their performance on the tests. The 
level of performance of the students In these countries was, in general, a full 
student standard deviation below ihe performance of the sTudents in the other 

__CQunt^rles taJsing part In the study. Thl5 relationship was also evident in the results 

of the Reading Comprehension testing, ^ugge^tlng that some students In 'these four 
developing countries may have had difficulty In reading the questionnaires. Con- 
sequently, their erratic answers to questionnaire and ^ttitude scale Items are likely 
to confourfd the results of certain sections of the investigation. We now face the 
jather serious question, in interpreting the findings for these countries, of whether 
the questionnaires were adequately'completed by the rather limited readers who 
had to answer them. 

Although we had doubts about the responses given by the students to^ome of the 
attitude scales and to certain Items in the student questionnaire, we were more 
confident of the tests, particularly the Science tests. The reported reliabilities 
were satisfactorily high for the full t^ts, and Indeed for many of the sub-tests, 
except perhaps In the developing countries where the score distributions heaped 
up at the lower end of the scale. 

Table 2 records for the different countries at the Population II (14-ye2r-old) 
level the standardized scores for the total test and the four sub-tests: Biology, 
_CIieniistr y , Phys ics and Practical. These scores show the extent to which a country 
Is above or below the grand mean for the developed countries, with the average 
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Table^: Science Sta^idardized |)a±) -test* Scores for Populatior^II 
N(\^eighted Scores by Students, Corrected for Guessing) 









1 iljr SIVS 


Practiftal 


Total 














Country ^"**'*>s,^ 


19 


19 


" 22 


20 


80 « 


Australii 


0.14 


0.18 


0.09 


0.22 


0.19 


Belgium (FL) 


-0.29 % 


-0.07 


0.15 


-0.17 


-0.10 


Belgium (FR) 


-0.49 


-0.43 


-O.4I 


-0.54 


-0.58 


' England 


-0.16 


0.04 


-0.23 


0.11 


-0.08 


F.R.G. 


^0.13 


-0.15 


0.22 


0.16 ' 


0.12 p 


Finland 


0.09 


-0.03 


-0.27 


-0.21 


-0.15 


Hungary 


0.73 


0.56 


0.35 


0.24 


0.58 


Italy 


-0.20 


— 0.23 


-0.20 


-0.38 


-0#33 


Japan 


0.46 


D.'62 


0.77 


0.49 


0.75 


Netherlands 


-0.31 


-.0.56 


. -0:16 


-0.14 


-0.38 


New Zealand 


0.12 


0.20 


0.01 


0.21 


0.1,6 


Scotland 


-0.25 


0.07 


-0.13 


0.07 


-0.0'A 


Swoden 


-0.08 N 


-0.07 


-0.07 


0.05 


-0.05 


uniieo oiaies 






nil 


— n 1 i 
— u.i 1 


— u.uo 


Standard Deviation 


3.33 


3.5^v 


4.44 


3.4»^ 


11.83 














Developing Countries ^ 
Below Grand Mean 










\ 


-0.85 


-0.65 


-1.06 


-0.69 


-i.cyJ 


Chile 


-0.12 


-0.13 


0.01 


0.03 


-0.07 


India 


^ -0.35 


-0,03 


-0,17 


-0.13 ' 


^0.20 


Iran 


-0.17 


-0.11 


-0.18 


^0,14 . 


-0J9 


Jhalland 


0.64 


' 0.26 


0.34 


0:25 ' 


0.47 



standard deviation for these countries being used as the scale unit. In a similar 
^^^tTablc 3 giVQS the standardized scores for the total test and the -four sub -tests 
whicii are calculated from the data coljected at the terminal sipcondary schooji 
(Population IV) level. . , ^ 

*rhe four developing countries have been separated from the developed countries 
in both Tables'" 2 and 3 and it is^en that the mean scores for these countries are 
about a stu'dent standard deviation below the mean scores for the developed coun- 
tries.^ 

In discussing these resuUs I would like to fociis attention on the data for threi 
countries. Our hosts today live and work in the Ffederal Republic of German)! 
we are particularly Interested in this country's performance on the.Sdence \k 
We are also interested in the level of educational achievement in the Unite^ 
because developments in this country have during the past decade had a profound 
' impact on Science education throughout the world. Iri' addition, I have chostfn to 
consider the results for Australia, because Australia is my home land and because 
the Australian results show a very uniform profile, slightly above the average for 
the developed countries, but without any marked differences In level of perfor* 

:/ ■ , : • • ■ , ^ ■ • 
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Table 3: Science Sxan da rdized Sub-.te^j Scores for Population IV 
( Weighted Scores by Students, Corrected for Guessing) 



^^"V.^^^^ Number of 


Biology 


Chemistry 


I^ysics 


Practical 


Total 


terns 












Country ^^^^^^ 


16 


16 


16 


5 

12 


*60 


Australif 


0.27 ' 


0.4.4 . . 


0.23 


0.28 ' 


0.39 


Belgium (FL) 


-OAS 


-0.24 


^ -0.17 


-0.30 


- -0.36 


Belgium (FR) 


-0.63- 


-0.3^ 


-0.46 


-0.3« 


-0.57 


Englai^d 




^ 0.09 


. 0.10- 


- 0.42 


- 0.23^ 


F.R.G. ' ^ 


0.80 


0.23 


0.52 


0.37 


^ 0.61 


Finland 


0,3^ 


-0.32 ' 


-0.07 


•-0.27 


-0.12 


Frapcc 


-0.26 


-0.32 , 


'0.20 


-0.02 


-^0.26 


Hungary 


d.27 


.0.29 


. 0.17 


-0.13 


0.21 




— U.j4 


n CI * 


—0.25 


' -U.5J 


net 
-U.51 


IN ei licrianas 


n 1 R 


U. 




n OR 


0 24r 


New Zealand 


0.60 


« 0.77* 


0.45 


0.79 


0.82 


Scotland 


~0 14 


0.34 


0.18 


0.31 


0.23 


Sweden 


-0.21 


-0.20 


/-0.12 


-0.02 * 


-0.18 


United Statis 


. -0.55 . 


-0.60 


' -o:6a 


-0.44 


-0.73 




<- i 




J. lo 


9 fin 


7.0v 














Developing Countries 












Below Grand Mean 


-1.16 


^0.69 


-0.97* 


-0.86 


-1.17 


Chile 


0.12" 


-0.12 


-0.16 


0.05 


-0.05 


India . 


-0.58 


-0.26 


-0.10 


-0.16 


^0.34 


Iran 


0.26 


0:08^ 


-X).04 


0.00 


+0.09 


Thailand 


0.19. 


' 0.31* 


0.29 


0.13 


+0.31 



roancc between the four sub- tests for Either Population tl or Population IV (See 
Figures 1 and 2). For the H^nited'States, at th^ 14-y^ar-old level (Populati9n'E) 
the profile is close to the international average/ except for Eiorogy whicli ft 
subtly above average. However, at the terminal second^^ry school level (Popula- 
tion W), the profile for the United States is always well below the. ititetnational 
average, being highest on the practical subtest The profiles for the Federal 
Republic of Germrfny are, in general,„^t both Population levels above the inter- 
national average. Although this seminar is particularly concerned with the teachlng^ 
of Physics, it is intefestlng to note that the level of performance in Germany for 
both Populations is somewhat lower in Chemistry than in the other branches of 
Science. 

These results lead us to examine the reasons for such di|fiference"5 in the performance . 
*iof the students in each country and to consider their nature and origin. It is not _ 
•for i^s to^pass judgment on the level of achievement of the students, whether it 
be ^ood, bad or indifferent, but to report the relationships w^ observe, and to 
sjiggeit to Scienpe educators in each of the Countries engaged in this inquiry th'at 
they may wi^h to* re -ex a mine the provision for the learning of Sciencejjp 
schools in the light of these findings. 




IGG 




Figure 1: Science Standardized Sub-test 
Scores for Population II 
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Figure 2: Science Standardized Sub -test 
Scores for Population IV 
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Opportunity to ^1 earn " 

In addition to testing their studcii^r'the science teachers in each school were 
asked to come together at about the tijne the testing took place to consider whether 
the students in their.setibol who were answering the tes^ had had an opportunity to 
learn the content of the items. The teachers as a group were asked to rank each 
item on a five point scale if the following proportions of the students had covered 
the topic embodied in the item; 

' ' A. All students. « * Score: 4 

b! More than 75% of the students 3 
^ C. Between 25% and 75% of the students 2 ^. 

p. Less than 25% of the students " 1 ' 

E. None of the students. ^ 0 ^ 

From these scores for each fchool an average score per item was calculated for 
the test as a whole. The scores obtained-foflhe schools in each sample were added 
and averaged, to provide a measure of opportunity to learn the contei^t of the Science 
tests for the sample. ^ 

In Table 4, thp opportunity to leirn scores are recorded for the Population II 
samples together 'with the tqt^l Science scores, and the estimated proportions of the 
age group at school in e^cfi of thepountrie* -toncerned. lii Figure 3 a graph has 
been plotted of the tpt^l test scores in 5^ence aggregated by school against oppor- 
tunity to learn the items in the test.^4f is apparent th^t although considerable care 
was taken in checking the suitability of the test items, by trial runs, the tests were 
more difficult than anticipated^ Nevertheless, there is an approximately linear 
relationship between leve>bf performance in each country afid opportunity to^fam 
the content tested. Some of the developing countries did not- pro vtde-opport unity 
tp learn scores and these countries have been excli^ied immXhe figure. -In addi- 
tion French-speaking Belgium had only a v.ery smalJ.,s^fmple of 21 schools, and it 
is not surprising that this country does not lie^lotfeto the "Ifhe of best fit". For 
the remaining cojantries however, there >«5tild appear to be a clear relationship 
between the level of performance j&ftfie students in Science and the provision made 
for them to learn the content-of^the items^ Included in the teists. 
Although this relationship may reflect the nature of the tests which werp constructed, 
indicating that they were more appropriate for use in some countries, such as Japan 
and Hungary, every effort wa$ made to sample items which would represent the 
courses in Science in eackof the couatries concerned. 'Consequently, it must be 
suggested that this relationship atfses from a difference in emphasis given in each 
of the countries to the teaching of Science at the 14-year-old age level. 
♦The'three countries discussed earlier, Australia, the Federal Republic of Germany 
and the Lnited States, are placed centrally among the other countries, both with 
rcsptcl 10 level of performance and opportunity to learn. The countries in the more 
extreme positions would appear to place greater or less emphasis on the learning of 
Science.ln their schools, thus providing their students with greatfer^or less opportuni- 
ties to learn, which leads In turn to a hlghfer or lower level of performance. 
With regard to the let^'el of performance of the students In the three countries under 
discussion at the'tefmlnal secondary school level we have taken the examination 
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Table 4: Science Test Scores and Standard Deviations for Populations II and IV 
Scores on Opportunity to Learn, Holding Power and Social Bias 



^ 


Population II 


Population IV 


'Country 


Science 


Opport- 


Hold- 


Science 


Opport- 


Hold- 


Index 




Total Score 


unity 


ing 


Total Score 


unity 


ing 


of 








to 


Powe^ 






to 


Power 


Social 




Mean 


S.D. 


Learn 


Mean 


S.D. 


Learn 




Bias 


rViaX-UIlUJIl OCOIC 


80 


4 


100 


60 


4 


100 




Austsalia 


24.6 


13.4 


^ 


99 


24.7 


10.7 


2.57 


29 


3.5 


Belgium (FL) 


15i3 


8.8 




90 


17.4 


8.1 


2.02 


47 


2.4 


Belgium (FR) 


21.2 






90 


1 S 1 




2.88 


47 


1.8 


England 


21.3 


14.1 


1.79 


99 


23.1 


11.5 


2.07 


20 


7.6 


F.R.G. 


23.7 


11.5 




94 


26.9 


8.9 


3.15 


9 


37.7 


Finland 


20.5 


10.6 


1 C 1 
i.J i 


99 


19.8 • 


9.8 


2.65 


21 


4.8 


France 








99 


18.3 


8.7 


2.60 


29 




Hungary 


29.1 


12.7 


2.78 


83 


23.0 


9.0 


3.03 


28 


3.9 


Italy 


18.5 


10.2 


1.86 


55 


15.9 


8.8 


2.50 


16 


2.1 


Japan 


31.2 


14.8 


2.96 


99 






- 


70 




Netherlands 


17.8 


10.0 


1.37 


98 


23.3 


if.l 


2.42 


13 


6.1 


New Zealand 


24.2 


12.9 


2.15 


99 


29.0 


11.6 


2.88 


13 


4.7 


Scotland 


21.4 


14.2 


1.90 


99 


23.1 


12.1 


2.17 


17 


9.9 


Sweden 


21.7 


11.7 


1.88 


99 


19.2 


10.2 


2.75 


45 


2.4 


United States 


21.6 


11.6 


1.98 


99 


13.7 


9.5 


2.U 


75 


1.3 


Mean 


22.3 


11.8 


1.99 




20.9 


9.9 


2.56 






Chile 


9.2 


8.9 


1.48 


71 


8.8 


6.0 


2.69 


16 


7.9 


India 


7.6 


9.0 


1.48 


25 


6.0 


6.0 


1.85 


14 


1.0 


Iran 


7.8 


6.1 




25 


10.2 


5.6 




9 


0.8 


Thailand 


15.6 


8.1 




40 


12.4 


6.1 




10 


10.4 



Figure 3: Teachers' Estimates of Opportunity to Learn as Related to 
Science 7 est Scores for Population II 
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of the evidence available a step further. Not only did we have information on 
opportunity to'learn the content tested, v^hich was obtained from the teachers in 
the schools, but we also collected data on syllabuses and courses in Science at this 
level. Prior to the construction of the tests a grid was prepared with content along 
one axis and behavioral objectives along the other. The content axis was divided 
into the main subjefbt areas of Earth Science, Biology, Chemistry, and Physics and 
further divided in\o topics, while the behavioral axis was subdivided into /ouf 
sections: functional information, understandings, applications and higher processes, 
including analysis and application as outlined earlier. Each national center engaged 
in the Science projject was asked from a consideration of syllabuses, text books and 
current examinttiin papers to assign to each cell in the grid a rating for the em- 
phasis given to Science as taught in^their country. Three categories of response 
were used for thes^ ratings: no emphasis - 0. moderate emphasis for some students - 
1, clear emphasis ^or all students - 2. 

From the ratings itiwas, possible to calculate a.score, assessing the emphasis given 
to the (iifferent brajnches of Science in each of the countries. These scores were 
standardized and have been recorded together with the test scores and opportunity 
to learn scores in Tjable 5. In figure 4 these scores have been plotted side by side 
for the three countries we are considering, Australia, the Federal Republic of 
Germany and the United States. For the three countries concerned, there is a 
general level of correspondence between the three sets of scores, the grid scores 
|iss,c$sing the prescribed curriculum, the opportunity to learn scores assessing the 

Table 5: Sub-Test, Grid and Opportunity to Learn Scores for 



Selected Countries (Populations Ij and TV) 



Population n 

Test Scores 

4 : ^ 

Australia 
I-.R.G. 

United Sutes 


Total 


Biology 


Cheimistry 


Physics 


Practical 


0.19 
0.12 
-0.06 


0.14 
0.13 ' 
0.12 


0.18 
-0.15 
-0.07 


0.09 
0.22 
-0.11 


. 0.22 V 
0.16 ' 
-0.11 


P0pul4.tion IV 
Test Scores^ 

Australia 
F.R.G, . 
United States 


0.39 
0.61 
-0.73 


0.27 
0.80 ' 
-0.55 


0.44 

^^023 


0.23 . 
0.52 
-0.68 


O.^V* 
.-0.44 


GiidS^res. 

Australia 
F.R.G. 

United States 


-0.12 
0.90 
-1.33 ' 


-0.05 
0.30 
"-1.30 


-0.17 
0.95 
-1.65 


-0,15 
1.65 
-1.17 




Opportunity to 
Learn Scores 

Australia 
F.R.G. 

United States 


0.18 
1.60 
-1.15 


^ 0.36 
1.45 
-0.21 


-Q.IZ 
1.25 

-0.^5 


-0.37 
^ 1.49 
-1.65 


0.53 
1.70 
''-1.47 



/ 



.17.0: 
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Figure 4;.5>ub-npst, Grid and Opportunity to Learn 

Scores for Selected Countries Population IV 
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actual cuniculum, and the test scores which assess the outcomes of Science 
teaching. The results Indicate In general terms that level of achievement In 
Science Is related to what Is taught In the schools. Nevertheless, It does not answer 
t)ie question of why In different countries** there should be clear differences In the 
prescribed Science curricula, In the actual Science curricula of the schools, and 
in the level of achievement of the students. 

*» 

Staying longer at school 

The question must now be asked, "Why is there this marked difference In oppor- 
tunity to learn and In the content of school Science courses between the three 
coua^rifes at the pre-unlverslty level: Australia, the Federal Rspubllc of Germany, 
and the- United States?" These three countries differ In the percentage of age 
group remaining at school to the terminal stage. In the United States the propor- 
tion of the age group attending school, given as holding ^l6wer in Table 4, is high 
Cf&Jo). In Australia there is a lesser proportion {29*7o), and the Federal Republic of 
Germany, where only those students attending a Gymnasium were Included in the 
sample, the proportion is 9%. It shduld be noted, however, tlfit in the Federal 
^ Republic of Germany a further section of ^he age cohort are engaged in other forms 
of education, but are not follo^iRgacademlc courses in preparation for university 



education in Science must be provided. The differences between countries in 
prescribed curricula, opportunity to learn and level of achievement in Science 
indicate that groups of students of different ranges o'f ability are beiHg considered 
in the different* countries. In the Federal Republic of Germany an academic 6llte 
is being taught in the Gymnasia with highly advanced courses. In the United States 
the group is of lower ability and the courses in Science are necessarily more general. 
In Australia the pattern of relationships suggests that the* ability of the group lies 
somewhere in between and the Science courses are designed to suit this group. 
It is also of considerable interest to examine (See Table 4) the differences across 
countries in social class composition between the 14- year-old students and those 
remaining at school to the pre-university level. Because of the difficulty of 
finding an internationally valid occupational scale to indicate social class, each 
country used a national set of occupational categories. Nevertheless, it was possible 
to collapse categories for all countries into four major groups; unskilled and semi- 
skilled workers (D), skilled workers (C), clerical workers (B), and professional or 
managerial workers (A). An index of social bias was calculated using the propor- 
tions in the highest and lowest occupational groups by means of the following 
formula; 

Index of Social Bias- 

%ln Group D for Populahon II ^ %ln Group A for Population IV 
%in Group A for Population II %ln Group D for Population IV. 
m Table ,4 the proportions of an age group at school at the 14- years-old and pre- 
unlversity'^evels are given. The marked differences between the developing coun- 
tries and the developed countries should be noted, as should the difference bet- 
ween countries at the pre-university level. The column of figures on the Extreme 
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right-hand side in Ta^le 4 gives the indices of social bias, and shows some quite 
striking differences between countries. As might be expected from the proportions 
of the age group remaining at school to the pre- university- ib^l the index is low . 
in the United States, higher in Australia and very high in the Federal Republic, of 
Germany. This index reveals the nature and extent of differences in the level of^ 
equality of educational opportunity across different occupational groups in each 
country up to the end of secondary schooling. It must be noted, however, that 
differences in the definition of the target population at the pre** university level 
account in part for the differences recorded between countries in their index of 
social bias. 

It is often argued that, by extending the ability range at the pre- university level 
and by having a higher proportion of the age- group remaining at school to the 
terminal secondary school stage, there is not onl^ lowering of the average level 
of achievement of the grqup as might be expected, but that the performance of 
the most able^studentS also suffers. It is suggested that expanding the numbers at 
school at the upper secondary level leads to a decline in standafds and tl^at '*more 
means worse". 

Table 6 records the data for each country and shows the percentage of an age croup 



Table 8: Level of Performance of Various Percentages of an Age Group 
in Science la Final Secondary School Year (Population IV) 





%in 


overall 


top 


1% 


top 5% 


top 


9% 




school 


fnean 


s.d* 


mean 


s.d 


1 mean 


s.d 


mean 


s.d 


Australia 


29 


26.1 


11.5 


51.5 


3.2 


44.0 


4.7 


39.9 


5.9 


England 


20 


24.4 


12.4 


51.6 


3.2- 


41.6 


6.5 


35.5 


8.5 


New Zealand 


25 


30.8 


12.6 


.55.1 


2.0 


48.3 


4.3 


44.4 


5.6 


Scotland 


17 


24.4 


12.9 


50.7 


3.8 


40.6 


6.4 


34.4 


8.7 


U.S.A. 


75 

✓ 


14.2 


9.9 


45.8. 


2.8 


36.8 


5.5 


33.1 


5.9 


Fcd.Rep.Germany 


9 


28.4 


9.6, 


45.0 


4.1 


35.3 


6.2 


28.4 


9.6 


Finland 


21 


20.8 


10.5 


46.0 


4.1 


35.7 


6.4 


30.7 


7.4 


France 


29 


19.1 


9.1 


40.5 


3.5 


33.3 


4.4 


29.9 


5.1 


Hungary 


28 


24.0 


9.6 


48.0 


3.8 


39.0 


5.4 


35.0 


6.1 


Sweden 


45 


20.1 


10.9 


49.5 


3.4 


41.2 


5.3 


37.0 


6.2 


Belgium (Fl) 


47 


18.1 


8.5 


39.8 


3.7 


33.0 


4.0 


30.5 


4.2 


Belgium (Fr) 


47 


16.0 


8.3 


36.2 


2.0 


30.9 


3^.1 


28.4 


3.7 


Italy 


16 


16.5 


9.2 


38.2 


4.7 


27.4 


6.5 


22.7 


7.3 


Netherlands ^ 


13 


24.4 


12:0 


47.1 


3.6 


37.2 


6.5 


30.3 


9.4. 


Chile 


16 


9.3 


6.3 


23.5 


3.8 


16.8 


4.3 


13.6 


4.8 


India^ 


14 


6.3 


6.1 


20.8. 


3.7 


12.8 


4.8 


9.5 


5.2 


Iran 


9 


10.8 


5.9 


21.9 


3.6 


14.8 


4.4 


10.8 


5.9 


Thailand 


10 


12.5 


6.1 


23.3 


2.4 


17.4 


3.6 


13.6 


5.3 


Rank order r* 


1.00 


0.07 


0.35 


0.^ 


\0 


0.. 


S7 



Rank order correlation between percentage in age group in school and the mean 
scOTCS for the Various groups of students. 
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in school at the pjre- university level, together with the means and standard devia- 
tions for the samples tested. In addition, the means and standard deviations for the 
top 1%, and of the age group in the countries concerned have been given. * 
In the calculation of these figures it is assumed that the students still at school 
would perform at a higher level in Stience than those not in school. If, on the one 
hand, we compare the evidence presented for Australia, the Federal Republic of 
Germany and the Unftcd States, it is clear that the large'r the percentage still in 
school, the lower the level of performance. On the other hand, if we examine the 
data for the top l^t, 5% and9^t of the age group for the Federal Republic of Germany 
and the United States, the performance of these groups is much the same in the two 
countries, but is slightly greater in Australia. - * 

Other factors are almost certainly involved in accounting for the differences ob- 
served. The evidence from other analyses carried out indicates that the proportion 
of the ^oup at school studying Science, tHfe number of years during which the 
students' have studied Science, whether or not they have studied or are studying 
all branches of Science, and the time spent currently studying Science all contri- 
bute to achievement in Science at the terminal secondary school stage. 
By carrying through a higher proportion of the age group to the pre- university level 
and fostering the study of Science at this level, the number of persons in a country . 
with a knowledge of Science is increased. Such a result is not unexpected. It is, 
however, important to note that this rise in productivity of the school system with 
respe^i^t fo scientific knowledge can be undertaken without a marked decline in tKe 
level of performance of the more able tbp of the students. Where the students in 
a^country perform well in Science and where the level of achievement of the 
different percentage groups is relatively high, for example in New Zealand and 
Australia. W0 must seek an explanation in terms of emphasis placed on the 
teadhin^ and learning of Science at the upper secondary school level in the countries 
concerned. 

To assist in the identification of factors contributing to level of rf2:hlevement within 
each of the countries engaged in this inquiry, regression analyses have been carried 

out using both the schooh^ and the students as the units of analysis^ "The4dent|rfl[ca 

tlon of important variables contributing to variation in achievement in Science, 
both between schools within a country and also between the students within a country , 
depends in part on the manner in which the school system is organized and how its 
organization influences the amount of variation that exists. For a discussion of the 
results of these aspects df the investigation, the reader is referred to the published 
report on the project (Cumber and Keev^, 1973), 

In conclusion, it must be emphasized that in this inquiry an immense body of 
potentially valuable data have been gathered, far mor^ than can be summarized 
in a brief discussion. 'It will take many years to sift through the evidence available 
and I hope that from time to time attention will be drawn to valuable findings 
emerging from this study. ^ t ^ 



175 



17 



References 



Bloom, B.S. (Ed,) Taxonomy of Educational Objectives. Handbook 1: 

Cognitive Domain. New York: David McKay. 1956 
Comber. L. C. and Keeves, J. P. Science Education in Nineteen Countr4es: 

An Em>irical Study. Stockholm: Almqvist and Wiksell, 1973. 
{^ooley, W. W. and Klopfer. L. E. Test on Understanding Science. 

Princeton, New Jersey. Educational Testing Service. 1961. 
Hus^n. T. (Ed.), International Study of Achievement in Mathematics. (2 Vols.) 

New York; Wiley, and Stockholm: Almqvist and Wik^eil. 



176 




170' 



Discussion 



QUESTION: Did the translation of the question Influence the results of the tests? 
J. R. KEEVES: replied that the questions were originally written In English and then 
translated lnt6-other languages. Using the Item analysis data, the Items were 
examined for marked differences between countries. A marked difference was 
observed between countries In the Item characteristics for one Item at the 10-year- 
old (Population V) level, and It Is possible that a translation problem was associated 
t with the different patterns of results for this Item across the different countries. 

The Items will, be published In full In the final report, with some d^Jta on the Item 
characteristics. 

QUESTION: Have the students within a country at the Population I and II levels 
had equivalent periods of education? 

J. R. KEEVES: explained that Populations I and II were really age groups, not grade 
groups, except In Japan, where there are definite promotion procedures, with all 
the 14-year-olds being located In one grade. Consequently, In most countries the 
students tJMted may have had different periods of education. 
QUESTION: Was television viewing found to Influence achievement In Science? 
J. R. KEEVES: Yes^ In the United States where for example, the viewing of TV 
programs associated with history, travel, nature and scientific development was 
found to be positively related to achievement In Science, after the effects of 
home background and type of school had been taken Into account. Information on 
this variable was not available In the analyses carried out for the Federal Republic 
of Germany, since Germany did not administer the Reading ComprehensJ<m t^ts. 
QUESTION: What steps were taken to ensure that the questions used W^uld be fair 
to students In all countries? 

LR. KEEVES: replied that In the construction of the tests representatives of 9 coun- 
tries were Involved in editing and selecting Items. In addition, all countries en- 
gaged In the study were asked to submit Items for the tests, and draft forms of the 
tests were given a trial with representative samples of 200 students In 16 countries. 
Unfortunately no representatives from any of the four developing countries were 
engaged In the .construction of the tests, and not all of the developing countries 
were Involved In the trial testing. Students In these countries clearly found the 
tests very difficult. 

QUESTION: Were the geographical differences within a country, for example In 
Italy, considered In the analyses? ^ 
J.R. KEEVES: replied that in Italy the sample was stratified between the north, 
the cfenter and the south. In the regression analyses the type of school variable 
made a distinction between ^he northern, central and southern achools, ajid when 
entered into the analyses was found to be significant. 

QUESTION: What IrifTuences d6es the study show as Important in regard to per- 
formance on the Science ach^vement tests? - 

J. R. KEEVE^ replied that althbrigh work on the regression analyses was still in 
progressjli^ evidence to date suggests that at least three factors are important, if 
the caiitribution of the schools is considered after allowance has been made for 
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home background.and the type'of school attended or tape of program followed. 
These three factors were: 

1 . The time devoted to learning Science both in terms of hours per week and 
years over which Science had been studied. 

2. Time spent on homework, both in all subjects and ifi Science itself. 

3. The opportunity to learn the content teste<j. 

John P. Kecves 
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Elizabeth A. Wood 

c 

The American National Assessment of Educational Progress in Science 



1. P.reconference paper 
<;^What NAEP is ' ' 

The National Assessment 6f Educational Progress (NAEP) is a very large project 
designed to obtain census-like data concerning the learned knowledge, attitudes, 
and skills in various subjects possessed by Americans at various age levels. Py 
repeated samplings our progress, or lack of it. may be discovered. Accdrding to 
Dr,' Frank Womer, staff Director from 1967 to 1971 , -"the purpose behind National 
Assessment is to improve the educational decision- making of legislaibrs. board- 
of-educatlon members*, professional educators, and others vitally concerned with 
improving American Education. It Is ai§sumed that decision- ma King is improved by 
providing information pertinent to the decision- making. " 

History/ 

The concept of this vast undertaking was first proposed by Dr. Ralph W. Tyler, * 
Director Emeritus. Center for Advanced Studies in the Behavioral Sciences at 
Stanford. California, in 1963. during'a meeting of laymen and professional educa- 
top concerned with strengthening American education. The Carnegie Corporation 
of New York, a private foundation, granted funds to start the project and appointed 
the Exploratory Committee on Assessing the Progress of Education (ECAPE). This 
committee then sought advice on the design and conduct of the project, consulting 
teachers, administrators, school board members, and others. The aim was to be 
constructively helpful to the schools ar\d to avoid possible injuries that might arise 
from comparing one school or school district with another. The committee also 
studied ways of assessing national achievement and developed a detailed plan for 
conducting the assessment. These tasks requfred four years for completion. 
In 1968 the Exploratory Committee handed the results of its work to the Committee 
on Assessing the Progress q/^Education (CAPE) which then.undertpok.to implement 
the recommendations of the Exploratory Committee. 

National Assessment is currently funded almost entirely by the United States Office 
^ of Education, a. government organization, but is not in any way governed by this 
office. A concern expressed by some with the governance of the project was the 

• In the United States;^ local School Boards or Boards of Education guide the 
. administration of most of the schools. Such boards are commonly made up of 
private citizens, usually parents of school children, who serve without pay. 
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self- perpetuating aspect of CAPE; the fact" that CAPE members were not responsible, 
directly or indirectly, to thi^ people of the nation. In consideration of ^hat concern, 
the Education Commission of the States was approached and asked to coi^der be- 
coming the governi^ag body for the National A*ssessrhent. In July of 1^69/^eTCS 
, assumed this responsibility. The Education Commission^f lhe States 1$ a new and 
growing organization composed of seven representatives from state which is' 
a' member, assembled to work together "on educatijpnal problems of mutual concern. 
At present. 41, states and two territories belong to the Corr^missidn. 
The present Staff Director of NAEP is Dr. J. Stanley AhmaitiTi. formerly of the 
psychology beparrtmeht of Colorado State University. Requests for NAEP reports 
or for further information should be addressed to the Public Information Office of 
the National Assessment for Educational Progress, 300 Lincofn Tower, 1860 Lincoln 
Street. Denver. Colorado 802O3. USA. ■ ^ 

• The first assessment, begun in 1969, includes ten^areas: reading, writing (written 
expression), science, mathematics, social studies, citizenship, vocational educa- 

Mion'(career and dccupationaj developrnent). literature, art, and music. Other 
*are?s may be added in the second round.* The present paper will focus attention 
on the science assessment. - ' 

^Objectives. 

Ma jot objectives for educational^ achievement in each field were outlined by 
- groups of scholars,, teachers, and curriculum specialists. The statements of 

objectives were chosea with three criteria in mind: 
^ (1) reflecting accurately, the <:ontributiohs of the particular field. 

(2) being objectives which the schools are seriously seeking to attajn ^nd 

(3) considered desirable by Jthoughtful lay citize'ns. . ^ 
Sample questions, called "exercises"., were provided for eacfi objective. 

The <5bjectives and exercises were subsequently reviewed by eleven panels of lay- 

meMnot scholars, teachers or curriculum specialists) in various parts oithe Qpuntry. 

and very minor modifications resulted. This combined involvement of s6hol:ars, 
" teach^ and laymen was for the purpose of ensuritig that every objective toward 

whici<^<?gress was b©ing>assessed met the-three criteria given above. *- 

The Prtrn^iry Science Objectives so deter mi n«ijcJ were: , , * 

a. Know fundamental facts and 'principles of science 
' b. P6ssess the abilities and skiUs needed to engage in the .processes of science 
*,c. Understantf^he investigative nature of science 

Hi.. Have attitudes about and appreciations of scientists, science, and. consequences 
of science that stem 'from adequate un^derstapdings. 

* ^ in u s*t r a t i V e c a t e-g o r i e s * " * ' , ^ 

lUustrativJlK categories iiere identified under each Primary Objective and^ state- 
ment was^^de af what should b^^ the knowledge in each categoiy expected of - 
9-year olc^l«3-year oldsi 17-year olds, apd young adults (26-35). For example, 
under Objective 2. on^fe of the categories and its statements of expectations wefe 
as follows: ' ^ ' ' ' 



Ability to obtain requisite data"^ i 

* > " . I * 

\ Examples of abilities which wquld fall within this category .are the ^bility to 

, assemble and use laboratory equipment in a logidal sequence and the ability to 
make observations / / 

Age 9. These children should be able to collect data based ori simple direct 
observations as well as lelementary experimentaiisituatioits with proper 
' direction and guidance. 
Age 13. Thesa students should b|e able to make* direct observations of phenomena 
' as w^U as some mea$urements of such dimensions as distance^^ weight, 
volume, and time. </rhey/should be ablelo^ake these observations or 
measurements under proper guidance and also"- independently in familiar 
areas. - . ' 

Age 17.' These students should be able to proceed independently to make^reasonably 
careful observations' and/or reasonably precise measurements in several 
iVeas folldwing a da^a-coUecting procedure of their own design. They 
■ should have some fafcility fn the use of rulers, balances, aod -stop-watches ' 
as well as sucji more specialized apparatus as microscopes, electric 
meters, and conr;passes. ^ ^ . , 

Adult. Adults should be able to^observe phenomena directly or make measure- 
, , ments with sijliple commonly-available apparatus. These observations 
and measurei^ents should.be appropriately relevant and precise. 
' The exercises, used in th^ assessment were chosen to test these expectations. 

; . * ■ . - • ■ ' 

The ^natur o i th^pxercises 

A science exercjse frequently consists of a question with multiple- choice answers. 
Tlie data show the percentage pf respondents choosing^ e^ch of the, possible answers. 

Reporting the dati^ * < 

The results are not individual scores. The record of names of the assessees (the 
respondents) were never remove^ hom the sohool building in which the exercises 
were administerejl a.nd have now been destroyed by the principal (director) of the 
'school. Records have been kept of various characteristics 6f and influences on the-^'^'^ 
assessee for the purpose of grouping the data in various categories. These are as 
foljpws: " 0 
' - Age 

- Sex . , ^ - ' 
' - Region of the Country t Northeast, Southeast, Central, West). No finer division is 

used so that one 8j:ate for example', cannot be comparted with another. 

- Size and Type of Comthunity ( Large Cities, above 200. 000 population; Inner 
City Areas; Urban Fringes; Middle-sized Ehi^, 25. 000-200. 000;^Small Town and 
Rural Areas, below 25. 000; Extreme Rural Ai^s). 

- Socio -educational Status (Various way:s^«fae terminating this without invading the 
privacy of the family^ were tried. The one used was to ask the respondent torstate 
the highest level of education oi either parenQ. Th^-gneat concern of contemporary 
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• society with the education of the disadvantaged youflBeople makes ft highly . 

desirable to gathci^rnformation about the knowledgJrSnd skUls of that group as 

they exist todav/ jo that we may evaluate future progress. 

Color (for collation with the above category and for some of the same reasons 

Indicated ^ that category). - 
The GrouprlResults do not, on the wWole, surprise a^nyone. They show that older 
people/know more facts than younger people; that males do better in most science 
exeiilises and females do better in most writing exercises, this difference increasing 
yf{m age; that students in the northeast do better than students in the southeast; 
^ ^. / that children in expensive residential regions ("Urban Fringes'*') do better than 

> children in poor districts ot cities ("Inner City Areas"); that children whose parents 
had more* education doi^better than children whose parents had less; that black 
children do not do as well on most exercises as da non-black children. However, 
the fact that the results are not surprising does not mean that it was not useful to 
collect the data. 

A ssess me n t -r &pet i t i on 

The first rpund of assessment has now been completed. The Results are like a Mngle 
pofnt on a curve. They can tell us nothing about Educational Progress, A second 
round of assessment will occur three years after the first round (in the academic 
year 1972-1973). SiTice the age groups are separ^ited by a period of four years, • 
none otthe assessees of the first round will be assessed in the second round. This . 
is an assessment of the population, not of individuals. Only 407o(of the first-round 
exercises have been made public. The int-ention is tqre-use the remaining 60% 
in the second round, in order to havejdata on^exactly the same exercises. 
In the second round, new exercises will be added. Prior tcUhe second round, a 
thorough review of the "administration of the first round wiur^isult in modifications 
^ oF approach to National Assessment. A slightly revised set of Objectives has been 

written. 

Some pro»bTems of att.empting national assessment 

Techniques of administering exercises to assessees < '\ 

In order to minimize the effect of reading difficulties, the exercises were read 
aloud to the assessees, (It was found that this resulted in an increase of more than 
I^S^oin ahility, by "low achievers", tfe perform the exercises.) Here, however, we 
come up against the problerh of distractions due to the personality,' voice, and 
f appearance of tlye reader. Therefore thp'readingi was recorded on tape, using a 

radio or television announcer with a "mtional television" accent, whith was found 
► . * ^ ^"just as effective" asllsing a school teacher with a local accent. 

Since the grouping was by ages, students had to be taken from various classroom 
groups and assernbled in a special room for the administration of the exercises. 
Both the school and the individuals cooperated on a voluntary basis. 
In order not to require too much time away from other activities, each "package" 
of exercises was limited to 50 minutes in length. Therefore, in order to sarnple a 
broad range of abilities and subject matter, twelve different packages were designed 

a 
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for each' age level. Each assesses responded to only one package, but every 
exercise wasmed for at least 2. 000 assessees. In all. about 90.000 assessees par- 
ti cijiated in the first round of the National Assessment. 

A number of exercises were used^ for more^han one age l^vel. Sometimes this 
necessitated slight changes in wording of the exercise to make it more appro- 
priate for the chosen age level. 

Some decision? ""equired prelirr^ina/y trials. For example, as a result of preliminary 
experimental administration of exercises with and without the optional choice of 
"I don't know", it was decided to include this choice. Adults chose it more fre- 
quently than did any other age group. 

Samplings 

Since the beginning of the projects National Assessment has benefitted from the 
consultant services of Dr. John W. Tukey of Princeton University, internationally 
known statistician. ' ^ 
His advice has been of value, not only on ways of treating the great ^n.iss of 
numerical data accumulated, but also on problems of sampling. The sampling 
problems are of three sorts: 

1. sampling of exercises from the infinite number of possibilities 

2. sampling of four age groups from all possible ages 
n 3. sampling of individual assesses from within the enormous^riumlDet-of people ' 

in each chosen age group 
Limits were set on the total number o/ exercises because of limited time, which, 
in turn, was a result of limited funds. 

The age levels were chosen to represent significant stages in tbe educational 
development of the individual. For "young adults" the age 26 was chosen as an age 
when most adults have completed all of their formal educational work. The age 17 
was chosen as the age. when most students have cohipleted what is know as "high 
* school" ifnvmerica, and are about to go into college. At age 13 most students ar? 
completing "elementary school", where a set program is usually followed by all 
students,, anti are entering high school where more freedom of choice is permitted 
and initiative is expected of the student. At age 9 most students are beginning to 
, use books as a major educational source and are developing from being children 
.into being sjfudents. 

Sampling'.Qff the individuals within^ft^h age group was done by selecting sample 
areas of tKe country, then sample schools within these areas, then sample indivi- 
% duals within these schools, all with extremely conscientious effort toward rando- 
mizing of samples and assuring the statistical reliability of the results. Similar 
care was taken in sampling the "young adult" population, which had to be assessed 
at home. The samples may be confidently taken as rejiresentative of the defined 
populatioq^. ^ 

Teaching toward national assessment 

Iri the United States there is no Ministry of Education, no body which determines 
a national curriculum. Although some states choose textbooks'^for use throughout 
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the state, others leave this choice to each school and the school may leave t^e 
chpice to the teacher. Most educators feel that heterogeneity of educaticyi in the 
nation is ? source of educational strength. When the National Assessment was pro- 
posed, fear was expressed that its exercises would become teaching goals, toward 
which students would be'directed by their teachers. However, this possibility has 
been avoided by not making public those exercises that wifl be used in future 
rounds of th National Assessment. The publicized educatidnal objectives are so 
broadly stated and so widely agreed upon by edacators and4aymen that they can 
hardly be considered as restricting educational freedom. 

So'urces of learning J 

Some have questioned whether the National Assessment really assessed the efficacy 
of our educational system. The school is not the only place where knowledge, skills, 
and attitudes are acquired. National Assessment exprcises we;e not designed to 
distinguish between the influence of the school and the influences outside of school, 
of which the television is becoming increasingly important in the Unite^^ States. 

Interpretation 

The National Assessment Staff has acted as information collectors and not as inters 
preters of results. They have organized the data in a variety of ways to make it 
digestible by scholars and educators and they have invited these people to inter- 
pret it. 

The interpreters, in their turn, should avoid the temptation to make broad generali- 
zations on the basis of isolated observatiotis. However, there is much of interest in 
the great body of collected data. For the teacher, the greatest interest in the first 
round of results lies in answers to specific ejj^rcises, especially the wrong answers. 
Why would the majority of 13-year olds be unable to select, from diagriims, the 
correct set of objects to be used in determining the boiling point of water? Perhaps 
most students are not understanding diagrams in textbooks! Why did 69% of the 
9-year olds Indicate that rnixing equal quantities of water with temperatures of 
50° and 70^ Fahrenheit would give water with a temperature of 120° Fahrenhi i!? 
Did the word Fahrenheit frighten them into just reading "Add 50 and 70"? Perhaps 
we ;»re preventing them from relying on familiar experience when we use an un- 
familiar word. ' -V . ^ 
Even though we must wait for the next^t of results to discover whether we are 
making "progress", there is'' information p6w available frbm the National Assess- 
ment of Edocational Progress that ean help us improve our teaching 

2. Conference paper 

The National Assessment of Educational Progress (NAEP) is ^very"^large project 
designed to obtain t:ensus- like data concerning the leVned knowledge, attitudes, 
and skills in various subjects, possessed by Americans at various age levels. By 
repeated sampling, our progress or lack of it may be discovered. In my pre- con- 
ference paper. I gave the history of the projept and described the way in which 
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the test' instruments v/erc constructed and administered to those cl^osen for testing. 
The sampling procedures ajid statistical rnethods are as good as our best statisti- 
cians can make them. , - ' 
About 90, 000 Individuals responded to the questions In the first round of the 
National Assessment. Not all of these responded to science questions. Other areas 
Investigated were Citizenship (knowledge of current affairs) and Writing (In the 
sense of written expression). Subsequently assessment has been made of Art, Music, 
Literature, Vocational Education, Reading, and Social Studies. 
Today I shall show you samples of the questions In Science, which the National 
^ Assessment people call ***ExerclsBs". (I should say, parenthetically, that I am not 
on tl^e staff of the National Assessment. I am an Independent scientist. Invited to 
evaluate their results. ) Exercises have been administered to Q-year-olds, 1 ^-year- 
olds, 17-year-olds, antl young adults, but I shall emphasize the results from the 
9- and 13-year-olds, because I think they are of more Interest to this group. In 
discussing the exercises, I want to point put the implications I see In them for 
teachers of the physical science In our country. 

Flnafly, I shall show you Group Results; comparisons between city children and 
country ^chlldren^ boys and girls, blanks .and non-blacks. 

The science 'questions were designed to_^sses^e ducat Ion in four major categories. 
Identified as worthy objectives by teams of scientists, teachers, and laymen. Briefly 
stated, these objectives were: 
That the Individual should 

I. Know the fundamental facts and principles of science 

II. Possess the abilities^ and skills needed to engage In the processes of science 

III. Understand the Investlgaflve natupe of science 

IV. Have'attltudes about and appreciation of scientists, science, and the con- 
sequences of science that stem fronri. adequate understanding 

National Assessment staff wanted nearly equal numbers of exercises In the four 
cafegories, but the professional testing services producing the questions produced 
most of them in the category of facts an^ ifewer in the important later categories 
where'the difficulty of writing good exercises increases. There will be more 
exercises in the later categories In the second round of "assessment. 
Let us begin 'with three exercises administered to 9 -year- olds, to test their know- 
ledge of the facts and principles of science. 

Excerclse 1 04 : * « 

All of the' following can be burned in the fireplace EXCEPT 

* ' Age 9 . 

89^0 • Iron 

2% o leav^ * 

2% o papers 

6% = c wood 

0% 0 I don't know 

► - 1% . No response 

^0% ' ' , 
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The students are asked to choose the one^substance that cannot be burned in the 
fireplace. They are permitted to choose "I don't know". 
Note the manner in which the results are presented. There are not scorefof 
individuals, as in most examinations. No pWmanent record is kept of performance 
by individuals,' or even by schools. In order to epsure the cooperation of the schools, 
it was essential that they not feel any anxiety af)Out being held up for public com- 
parison. 

^^he results show the percentage of the whole group that chose each of the possible 
answers. Remember that this e>J€rcise, like all the others," was performed by at 
least 2. 000 children. 

In the reported remits, the correct answer is marked by a black dot. It is signi- 
ficant I think, that 10 percent of the respondents chose substances that can be 
burned in a fireplace; 6 percent of them choosing the commonest, wood. This 
suggests to me a habit of careless reading. The student glances quickly at the words 
"burned" and "fireplace" and checks "wood", because he has learned that he must 
give quick answers. How long does a teacher wait after asking the class a question? 
One or two seconds of silence is about all that most teachers can bear. How often 
is a student ^veJl unlimited time on an examination? Perhaps these ten percent 
who gave wrong answers are being pushed too fast and are learning to jump at any 
answer rather than take time to think. 

There is another possible interpretafiop. Some of the children had never seen a 
fireplace. jA^ien a group analysis was made of this exercise, was found t$y^ the 
percent of inner city children (children in the city slums) who answered this question 
correctly was 28 percent b6low the national average. 

Exercise 109: 

Nearly all rocks on the Earth's surface are 
♦ "_Age_9_ 

5% o 
6% ' o 
84% • 
,4% o 
0% 




100% 

One could hardly think of a simpler question to ask whether a rock is gas. 
liquid, or solid! But 15 percent of our 9-y;^^-olds did not give the right 
answer. <yJ^y ^ 

Is it possible that some of the childr^^^e just guessing the answers at random or 
mischievously checking wrong ajvp^ since they know they will not receive grades 
for these examinations? Prob^hJ|^ot, since the percentage answering some 
questions correctly is very hi^wT For example, in a question about where a baby 
comes from, 92 percent p^^-year-olds chose the correct answer, that it comes 
from its-mother's bodv^^o we need to seek further concerning the rock answer. 
If "gas", "liquid", ^.^illld" and "rock" are words that 9-year-olds do not under- 
waters should keep this in mind. 



ga 
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TurnYng to the 13-year-£|j|ff^6tip-, let us look at the results of an exercise on kinetic 
theory of heat. 





dti t)f the fallowJlig is true of 



hot water as compared with cold water? 



A Re 13 


Adult 






9% 




0 


It is denser 


. 3% 


^ 2% 
^ 49% 


0 


It is easier to see through 


- 61% 


• 


Its molecules ^tfe moving laster 


9% 


4% 


0 


It has more free oxygen dissolved in it. 




5% 


0 


It has j^ore free hydrogen dissolved In \l. 


12% 


32% 


0 


1 don't know 


0% 


1% 




No response 


100% 


'99^0 







This exercise was also administered to young adults (26-'35). In nearly all 
exercises, we fi'nd the adult group is more willing to say "I don't know" than in 
anv other age group - especially the 17-year-olds: 

Only 49% of the adults chose the cQrrect response in this exercise, but 61% of 
13-year-old8 chose it. Is it a cause for rejoicing because we are teaching the * 
coming generation better than their elders were taught? Not when we discover 
their answers to the question, "Why do we think that matter \^ made up of atoms?" 



Exerpise 224 

Why do we think that matter is lYiade up of atofns? 



Age 13 
41% 
1% 
2% 
34% 
. «10% 



;i% 

0% 
99% 



o We can see atoms with a microscope 
o We can see atoms with our unaided eyes, 
o We can see atoms with a magnifying glass 
• Matter behaves as if it were made up of atoms, 
o A famous wise man said many 

hundreds of years ago that matter 

Is made up of atoms 
o I don't know 

No response 



We find that 41 percent of them think that you can see atoms with a microscope 
and another 3 percent think you don't even need a microscope! When will we 
learn to postpone the teaching of the unobservables until senior higti^chool or 
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even college? Rote learning about, kinetic energy -is worse than meaningless for 
these students, ft teaches them the habit of accepting authority in "Science and this 
gives them a false concept of the nature of the scientific enterprise. In the early 
years science teaching should mean teaching careful observation and critical evalua- 
tion of one's observations: the process of asking simple questions for which one can 
make simple, testable hypotheses. This is the essence of science and a slow, care- 
ful training along such lines will be the best foundation for a scientist or a liberally 
educated citizen in today's world. 

Consider, next-, some exercises to tes^ the abilities and skills needed to engage in 
the processes of science. * « 

* Can the students interpret a simple table? From a chart listing the weights of 
various chemical elements found in a ibo-pound man, the^students are asked to 
choose the one found in smallest amount ^ 

Exercise 4 . Weights of some Chemical Elements 

Found in a 100 pound Human 

Calciym 2 pounds , 

t Carbon 18 pounds ' . ' 

{ Hydrogen IP pounds 

Oxygen* 64 pounds 

Phosphorus 14 ounces 

Soldi um 2 ounces 

j Sulfur 4 ounces 

From the chart above, which of the following chernical elements is found in 
the SMALLEST amount in the body? 



Age 9 


Age 13 






14^0 


3*70 


0 


Calcium 


5% 


• 3% 


0 


Carbon^ 


8% 


4% 


0 


Hydrogen 


54^0 


81% 


• 


Sodium 


7% 


epio 


• 0 


Sulfur ' 


11% 


2% ' 


0 


I don't know 


1% 


1% 




No response 


\00°lo 


100% 







This exercise was administered to both 9-year-olds and 13-year-olds. We see that 
at 9 years old. 14 percent chos^ the first low number (2 pounds) instead of the 
lowest V/ eight (2 ounces) and 12 percent found the table too difficult to try. For the 
1 3-year-olds,^ the percentages were 3 ^pd 3. Remember, these are not the same 
children, grown older* Both of these groups were tested three yeaps ago. Will the- 
13-year-plds being tested this year do better or worse? That is one of the things 
the National Assessment wants to find out... this exercise will not be used again. 
' but another of similar type y\X\ be used. Si^ty percent of the cfuestions used in the 
first round of assessment have^been kept secret .for re-use in the second round. The 
forty percent that have been made public will not be re- used. Otherwise some 
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teachers might be tempted to drill their students In the answers to these questions 
Instead of educayng them In the spirit of scientific enquiry. 

Exercise 44 , , 

Which of the foHowlng graphs could show the average height In Inches of a group 
of children growing at a normal rate plotted against their age In years? 

'^ C D E 

80 80 / 80 

In, 

10 





2 Age 14 2 Age 14 2 Age 14 2 Age. 14 2 Age 14 



Age 13 
16% 
14% - 
'27% 
16% 
10% 
16% 



99% 



Adult 
6^ 
9% 
. 39% 
18% 
9% 
16% 
3% 
10^ 



o 
o 
• 

o 
o 

o'. 



A 
B 
C 
D 
E 

I don't know 
No response 



Gan the students Interpret a simple graph? In this exercise they are only asked to 
choose the 'graph that shows normal human growth rate. The ordinate Is height In 
Inches; the abscissa Is ^ge In years. The first two graphs show height decreasing 
with age. About a Mtd of the 13-year-olds chose these. And so did 15 percent of 
the adults! . ^ • 

Before you use graphs ^to simplify Information for publication, you might test your 
own country's adults with such an exercise. ^ ^ 

Another exercise designed to test skills Involved actually working with a balance. 
The respondent had to place a sliding weight In the rjght place to achieve balance 
and tell where It was placed. 64 percent of 13-year-olds gave the correct^answer; 
75 percent of 17-year-olds and 74 percent of adults. I hope that my butcher was 
not among the 26 percent of the adults unable to perform this simple task. 
An exercise given only to 17-year-olds and adults described a situation In which 
9 population of rabbits lived by eating grass and were in turn eaten by hawks, birds 
which caught them and ate them. The respondents were told that some disease 
resulted in greatly reducing the rabbit population and asked to choose one of five 
possible effects on the grass and hawks, one of which was that the ^rass would grow 
taller and the hawk population would decrease. 68 percent of the 1 7-year=t)lds 
chose the correct answer but only 52 percent of the adults. Now here was a 
question that required no technical training - Just the ability to reason that if 
there were fewer rabbits to e^t the grass it would grow longer. I would like to see 
science courses that gave the studen»»experience In the rational approach to a^ 
broad rang6 of situations and confidence in their ability to use It successfully. 
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How do 9- and 13-year-olds measure up to the objective of understanding the 
investigative nature of science? 



Exercise 1 



Scientists would^ave most trouble testing which of the following? 



/ 




Age 9 

14«fo 
13^0 
38% 

100% 



Age 13 

e% 

2% 
4% 

8% 
73% 
7% 



100% 



0 



0 



o 



o 



o 



o 



o 



I have a fever 

I weigh 101 pounds 

I am 62 inches tall 

I can lift a 2|-pound box 

My dog is better than your dog 

I don't know 

No response 



In this ^ercise they are asked to choose the statement that scientists would have 
most trouble testing, I find some encouragement in seeing that 38 percent of the * 
9 -year-olds and 73 percent of the 13-year-olds correctly cho^e the value jugde- 
ment as one that would be cUfficult to test, \ 
Attitudes are hardest of all to assess; and there were very few exercises in this \ 
category. One attitude exercise for 13- year- olds stated that women can be success- 
ful scientists and gave the students the choice of stating that they believed this 
staterrent. did not -believe it, or didn't know. I am happy to report that 94 percent 
of 13-year-olds believed this statement. 

1 have emphasized the wrong answers because, as a teacher, it seems to me that 
we have nljost to learn from them. The exercises were intentionally designed to 
include those which nearly everyone would get right and those which very few 
would get riajit. as well as thH^^al middle group. But there were surprises at 
both ends. ^ 

Now let us consider the Group Results. Information/tollected at the time of 
administering the exercises has enabled the Naticti^al Assessment staff to group the 
results into categories. In each case the median performance of a particular group 
is compare^ with the national performance^ We learn, for example, that respon- 
dents of all ages living in the southeasferfi part of our country give significantly 
poorer performance tlian^he median for the country as a whole. Others whose per- 
formance is significantly below the -median are those whose parents did not finish 
school; those living in extrem^y rural areas, far from' any town; those in "inner 
cities*' , the pobrer sectipni of big cities; and blacks.^ The reason for selecting 
blacks as a special ^F<Ju.p is that a special effprt is being made to improve the 
quality of their education and we need to know whether we are making any pro- 
gress. ' .. ^ * 
Are the differences entirely the result of the factor identified 7* Parents with higher 
education are likely to live in the affluent suburbs, rather than in the inner city, 
for example. . ' . ^ 
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The ilallstlcians have used a method called "balancing" to try to take account 
of the interaction among the various factors identified. They freely admit that 

/ . the process is full of approximations and^^ajsumptions. There is no sure way to 

/ disentangle the complex influences on pe5\>\e. 

I ' However, when balancing is applied, the differences among the groups in each 
/ category do decrease; though they still exist, and in the same order of rank, 
j Perhaps, if we knew.how to adjust for all the influences on individuals, the dif- 
J ferences in performance resulting from any qjRfe influence would almost 

disappear. 

Finally we compare males and females in two areas: science and writing. Unlike 
the other cases, this one does not make comparison with the national ^average. 
The sexes are compared with each other. At all ages the males do better in science 
and the females better writing. The differences increase with age. 
V/Uen you consider the difference between the toys that are given to little girls ^ 
and the toys that arc given to little boys, it is surprising that the boys' advantage' 
in science Is not even greater at the age of 9. At 13, girls are sent to sewing and 
cooking classes when boys go to the carpenter shop. At 17, boys find a girl more 
^attractive if she pretends not to understand science. And so it goes, gcrfUng worse 
and worse fpr tlie girls in science as they get older, Judging from these results. 
Among young adirlts, society requires that the man understand machines and electri- 
cal equipment, and that the woman write the invitations and thank-you letters. 
^ The social pressures are strong and deep. 

The National Assessment is providing us with a great deal of retrievable informa- 
tion that we have never had before. The later rounds of the assessment will make 
possible a variety of interesting comparisons. However, as a teacher, I see rr/uch 
in the individual exercises of the first round that can be put to immediate use to 

/improve our teaching of science. 
Further Information can be obtained from: The National Assessment of.Eflucational 
Progress, Education Commission of the States, 300 Lincoln Tower, 1860 Lincoln 
Street, Denver, Colorado 80203, USA. Report number 1 gives all the science 
exercises that have been^ released for publication from the first round of exercises, 
with percentages of population giving each answer, as in this paper. It includes 
some sumrqaries of results. Report number 4 gives group results for sex, region, 
and size of community. Report number 7 gives group results by colopr"stz^and 
iyjpe of conrrmunity, and parental education. These may be obtained from the 
Superintendent of Documents, U. S. Government Printing Office. Washington, D. C. 
' 20402. USA. (No. 1, $ 1.75. Nq.4, $ 1.00. No. 7 will be available- soon from 
the same source. ) V ^ 
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Discussion 



The discussion deals with the various results of N^AEP separately. 



Exercise 104 



Mrs. WOOD points ^to the fact that 6% of the pupils believe th^Pwood cannot be 
burnt in a fireplace*. She explains it by rapid, careless reading of the exercj^e and. 
as regards the group of poorer people, a lack of appropriate experience within 
everyday life. Mr. BAE2 and Mr. ROGERS consider the formulation of the*'question 
to be confusing and misleading by the use of the^word "except". "I have l^O-dcfllars 
except the 100". Mr. ROGERS says. Besides wood will not be burnt completely./ 
He suggests to change the wording from "can be butnt" to "can burn". T-hejf^ pro- 
pose a new formulation "some materials of the following can burn, some cannot. 
Which cannot burn?". - 
Mrs. WOOD answers 

1 . that she did not formulate the questions (she is nd member of NAEP, but an 
independent scientist invited by NAEP to interpret t^e^Tcsults), 

2. that the writing of examination qo^tions is difficult and that all the questions 
are under constant attack and revision by NAEP itself, but * • • 

3. she feels, nevertheless, that students ought to jke able to understand sueh Si 
sentence. ^ ' 

Exercise 224 



41% of the 13- year-bids had answered that one^oam^e atoms with a microscope. . 
The audience suggested two additional explanation§: - 

1. Brownian motion was possibly shown to the pupils, which- they- understood as 
the motion of single molecules , ' - 

2. Text books perhaps contaifi informations about field emission microscopes. 

Exercise' 4 • 

Some people doubted that abilities and skills are more necessary*- as NAE\felt - 
foreHie solution of this.exercise than the j<nowledge of facts. As regards the 
relatively poor resiilts. it was commented that 

1. the amount of reading required for this exercise is great, 

2. it might be confusing during the stress situation of the exercise that not always 
the same weight unit is used. 

N^rs. WOOD fe^ that reading a table of data predominantly demands abilities and 
skills, not knowledge of facts: she points out that this table of datsl is a real-Ufe 
example. In English-unit countries, weight is commonly given in both pounds and 
ouncfes. . 
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Croup Results «^ . i " 

Mrs. WOOD comments that at the age of 17 if was Intended to have 2 groups, thfc 
drop'-outs and those ones who are still in school. As NAEP got very few^rop-outs to 
to take the exercises, they felt that It v/as not a statistical sample, an^ lo they 
only Interpreted the result's of the ones In school. 

It is considered th^ a modification of the way of teaching during the last years 
might h^ve Influenced the results of the various age groups, not only the age of . 
the students by Itself. Mrs. WOOD feels that the first Influence was comparatively 
Small.' ^ , . ' 
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Werner Kroebef 

The* concepts of physics in-the view of cybernetics 



Through .cyfitirnetics we have got the knowledge that everything which pupils learn % 
on"new things is an information for them. Th«; concept of the information is the 
concept of | countable set. Every information necessarily consists of physical marks 
or signs, respectively, and in reality the informations ^ counted by counting . 
these phy$(cal marks., ^ ^ 

U one receives informatlonsr for instance by reading a manuscript, then the physi- 
cal matks to which the eContents of the Informations are ai^ociated are lequal to . 
the types of our alphabet. - ^ - 

There are 26 types. This nymber is the repertqry of the chosen physical marks. 
Therefore :we can associate 26 di Cerent informations with this quantity. 
If we \Avp to give mor^e^inforhiations, then we have to combine several types or 
signs with one another. So we combine two, three, or more types on two, three, 
or more places to construct one marl<. In this way the physical mark for one in- 
formation is given as a combination of types of our alphabet. '-And if we combine 
n types to one word, we have 26*^ different possibilities to do so, i.e. 26 differ- 
ent physical marks for 26" informations. , 

But from all these combinations - being mathematically possible - from types to . * 
Words, words to sentences, and sentences to a longer text, only a restricted num- 
ber of combinations really exists. For insttf^e no meaningful word exists, which ^ 
consists of three types "d" as "ddd". So wcnave to leatn, which arrangements of 
types are equivalent to an exlsting^ word of our langii:ige. A feeling for the proper 
usage of such .combinations can only be learnt by a lot of exercises, by reading, 
manuscripts or books or by learning a talk. We may call it the syntax of types to 
words, furthermore of words to *ente/nces , and sentences to texts^This syntax heavily 
reduces the mathematically possible number of anangements*of types, words, and 
sentences. - ' < 

,The simplest tepertory of marks is a^binary system. Its physical representation may 
be given by O and 1. The number of informations which can be associated with 
these marks is given by _ • • 

N « 2" , V 

where, n means the number of news or informations, respectively, 2 is the number 
of different marks Within the repertory, and n the number of places within » com- 
plex mark, i. e. the "length of the word". We call n the number of tnformations 
in bit. * , ' , . \ ' 

When we read a text, then informations flow Into our mind. We measure this flux 
of Informations in bitsAec. 

In measuring this flux of information during hearing or reading, we find 90 bits/sec 

Qn an average. But many investigations show that we can only pick up 16 bits/sec in 

* . \^ 
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otir consclouJncss. If we reacTa text with a velocity of 90 bits/sec and understand 
It, weSmist therefore kndw abput 7^ bits/iec in>dvance. Consequently we have 
to tepiarat^he text which we read into two^parts: one whiph is known before read- 
ing and one which is unknd^^n before. Only the litter partis called an information 
and they both together a news. . » ' ^. / 

Thif fact implies that the number of marks, which we know before reading, rnust 
be reduced by a process of (ysion of sevetal.rnarks or types, respectively, to a new 
mark or a new word showing a higher degree of abstraction. We call it a supermark. 
The capability of reading anc^ilmultaneously understanding at a flux of news of 
90 bitf/scc provides the capability of developing supermarks, which can be attained 
by an intensive training of our mind. Thereby it 4s imp9rtant simultaneously to ^ 
train the association which exists between a certain supermark and the single marks, ^ 
from which it is derived. 



Fig. 1 
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Helmar Frank (1) developed « simple model to explain thes^ facts which is shown * 
in figure 1: The possible flux of informations into our rfiind only amounts to 
16 bits/sec whlch'ls stored there aboiit 10 seconds. 

So we have about 160 bits of informations in our conscious mind which we can 
slmult^peously survey; they are equivalent to 30 up to 35 concepts or imaginations. 
This number of concepts or imaginations, however, is not sirfficient for o^ pro- 
cesses o/ thinking. The consclxius concepts and imaginations must continously be 
e^cchanged against other ones being ifccumulated in otir memory. 
Therefore we need a method or a path, . respectively, between the contents of our 
memory and or instant consciousness. When'we think in physical laws and concepts, 
this path is given by means pf associations between the known concrete physical 
phenomena, their single marks and simple concepts, and the corresponding super- 
marljs. . * « - . 

The physical world in which we live shows us a vast fleld of very different, single, *^ 
and individual phenomena. To know all these phenomena requires a vast experience. 
But not all phenomena which are possible from the vieW of mathematics exist In 
reality. The physical world is severely ordered by physical law3 and nafural facts. . 
Therefore the development of a system ofrconcepts, as we have it e. g. in the 
theory of mechanics containing the concepts of velocity, acceleration, kinetic 
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and potcntlal^hcrgy, tl|f principles of meohanlci etc; » allows us a far reaching 
^ reduction of the great number of concrete phenomena, for Instance, of all the 
kinds of motions. Then the concept of a velocity allows us to use this sign of 
motion for the infinite diversity of all the possible motions. So the concept is a 
supcrmark of a high degree of abstraction. Therefore this concept cannot directly 
be understood from its definition, but a knowledge of physical concepts must be 
attained in advance. It is a supermark which first of all has to be associated by the 
learning process with the above mentioned aspect of motions, which is derived 
from a vast field of concrete motions of very different kinds. Now wc have as a 
basis this vail field of^imaginations of concrete ipotions vhich a;e associated with 
the concept of a defined velocity or the supermark of a physical velocity, 
respectively. On this basis the reduction of the flux of iifformations, that means 
the reduction of the number of bits/ sec, which must be pcrof^Jved during -the reading 
"^of a word, becomes possible. J 

That is why flie reading of a text or book does not only ^Squire the knowledge Of 
til/ definitions of the concepts of velocity, acceleration, etc. ,^ but - in analogy 
to a chain - requires the knowledge of each single link of the development from 
' single marks to combined marks or supermarks, respectively, of increa^M|||(degree 

of abstraction. ' ^ • 

The velocity, which a pupil has in reading a physical text he tries to'^understan'd, 
. vmust.be controlled so that the flux of information amounts to .about 16 bits^sec. ^ 
In this way we get an additional method of mearch to study the learning process 
of a pupil: by measuring his velocity of reading the marks, supermarks, etc. of a 
physical text before and after a lecture on this topic. 

Results of such studies by Kroebel (2) are given in figure 2. It shows the depen- 
dence of the reading velocity on the text for 5 linaf. The text -is written left of 
the coordinate Z. v^, the reading velocity, refers to one type of the read text. 
We have 

V,4,1.A= AX. 

T4 

With the following meaning of the indices: r points, to relative velocity, 4 Is the 
code number of the pupil, ithe number of the read line (in this figure: from 4 to 8), 
A the number of types of the read word, whicji is equivalent to the length Ax of 
the word. The time tj is the time needed for reading the line i, T4 the time 
required for reading the whole text by the pupil 4. ' ^ 

The figure shows a reduced velocity of reading per letter at the words "Lttmpchen** , 
-Fassung", "Monozelle", and - very intensively - at **leitende Verbindungen" and 
•*Leitervcrbindungen" , because these words required a particular attention, andlmuch 
' more at thosn supermarks such as -Verbindungsleitungen", especially. if conclusions 
a;e conftbined with them as e. g. in that sentence containing "leitende Verbindungen" 

Figures 3 shows this result very clearly. The average of the readiiig' velocity of 
N a 37 pupils J demonstrates it for the word ^Leit^ rverbindungen" in line 6 and 
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for the end of the same sentence, respectively. The formula for the average 
reading velocity of a group of pUpUs Is . 

V 1 ^ 1 



Tj ' , 

The fact that the appearance of a conclusion in the text reduces the reading velo- 
city becomes obvious in the lines 5, and 6. 

All supermarks must be constructed from single marks. Therefore the physical 
concept of a veMcity qannot be understood by a pupil from the defining formula 
v-d$/dt«At first he has to get acquainted with^the vast range of different motions 
which happen in the real world. Then one h4$*to develop the ability to reduce 
this vari^ of motions by the creation of supermarks. (The theory of n\echanics 
is designed^so that the supermarks tan be connected like the links of a chain. 
So a very important learning, process will happen, namely the learning of all the 
associations which belong together. In the same way one has to put together the 
the supermarks of a lower rank ^o supermarks of Jhigher and higher ranks. Doing 
so on^ succeeds in understanding the physical world from the concrete phenomena 
up to the concepts of the highest degree. / 
A study on tl\e velocity of reading a physical text and on the question, hoj^muchx. 
of the content is understood, can increase our knowledge about the processes^&f~~ — ) 
learning. 
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Discussion 



At first tome fetalis of the procedure of measurement ire discussed* The author 
reports th^t tljt velocity of reading a line li measured, and the velocity of 
reading a word Is calculated afterwards. As the aperture of the apfjaratus It 
rather Urgi^ the recorded data are smoothed to somcr^xtent. Nevertheless, the 
data are siijificlently characteristic for an Interpretation. 

It Is dlfftcttlt to define an accuracy of the measurements. A certain teftrt may be 
read by a iertilrr mbject only once or very few times. Otherwise the Inevitable 
process of learning will change the results. It Is only meaningful to average the 
results of different subjects, but the individual fluctuations are great. Each subject 
reads many texts. It Is controlled by tests whether the person understood th^ 
text. 

It Is asked whether anything Is kno^n about the training of the eyes. For ihstance^ 
a man, who reads proofs professionally. Is forced to do it very quickly and yet to 
understand the text (to a certain measure). The author replies that further Investlga- 
,tions are planned.' No nfieasuremerits abojit this topic have been made until ' 
now. 

Tt is stressed that the amount of unknown content . of a text must be considered. 
The aut]j2jy€pRi that before the reading some lectures on the content of the 
text are given to the subjects and that their knowledge Is tested. Only tl^en the 
reading Is perform.ed. The measurements Indicate that persons, who had shown 
a good knowledge of the, contents, ^ead irather uniformly, whereas these persons 
of a smaller knowledge, but with a good carefulness, read with a widely varying 
velocity. A group consists of students having poor knowledge and a small 
Interest, who read fast and unlform1,y, but understood little. 
It is asked h6w )the level of compjiexlty of a mark can be measured or estimate. 
The author responds that It will be sufficient in the beginning to construct some, 
crude categories. , 

The audience is astonished about the low number of informations which flow into 
the long memory. The author points to the fact that even this small number . 
amounts to 2 x lO ^ bits withln'ho years. He add^s that many things ate learnt with" 
out cooperation of the consciousness, e. g. the ability of seeing three- dlmensionally. 
It would be interesting to know how the informations are selected for the long 
memory. ' ' 
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Dto Praxis dw- Muaaumsdidaktik \ ' a 

Bwlcht Obtr arn in^arnationalas Saminar der Dautschan UNESCO-Kommiifiori und 
dj»^utaumi>Folkwang. varansultat vom,22.'bli 26, Novamber 1971 in Essen. 
. 1974. 171 Saltan. Brotch. DM 19,80. ISBN 3-7940-5221-8 i 

;nia lmplamant«$lon.of Curricula in Science Education with Special Regard to the 
Teaching of Physics ' 

Report of an International Seminar, organized by the Instltut for Science Education 
* Qt the university of Kiel, Kiel, March 16-18, 1972. 

1974. 207 Seiten. Brosch. DM 19,80. ISBN 3-7940-5222-6 • . 

IngehieHrausbildung pnd soziala Ver^ntwortung 

'Btricht Qber dasjntemationala Syrtiposium "Die Ausbildung.vonHnBeniauran un- 
ur besonderer BerOcksichtigung ihrer sozialan Varantwortu^", veranstaltet von 
der Deutschen UNESCO-Kommission und dem Vereln'DeUtschar Inganleure (VDI) 
vom29.bls31.MahW2inMUnchen. irni-m.ur. ivuii 

1974. Xli, 240 Seiten. Brosch. DM 24,80. ISBN 3-7940-5223-4 ^ 
Arbeitnahmer im Ausland 

Bericht Ober ein intern^tonalas Seminar Qber "Problema der Ausbildung und der 

^ij^n tiu^"!^^^ ""^•^ ^^^^•^r Berik:k.lchtl- 

?^7l^9>^u .^ran,tait« vom 5. bis 8. Dezamber 1972 in Bergn,ustadt. 

1974. 126'^|n. Brosch. DM 16,80. ISBN 3-7940-5224-2 
Symposium Leo^i^dbenius 

Perspektiven zeitgendsslscher Afrika-Forschung / Perspectives des etudes africajnes 
contamporaires / Perspectives of Contemporary African Studies. Bericht Ober ein' 
Internationales Symposium, veranstaltet von dsr Deutschen und«Kamerunischen 
UNESCO-Kommlssion vom 3. bis 7. [Jezember 1 973 in Jaunde. 
1974. 371 Sei-ten. Brosch. DM 28,80. ISBN 3-7940-6225^. In Entflitch, Franz6- 
sisch, Deutsch. 



Kultuffdrdening und Kulturpflege in iter Bundtsrepublik DtutsGhland 

Hrig. von der Deutschen UNESCO-Kommfssion; K6ln 
1974. 86 Seiten. Brosch. DM 1 2,80. ISBN 3-7940-3059-1 

Eine englische und franzd|ische Ausgsbe dieses Titels erschlen in der Reihe "Studies and 
documents on cultural policies". ' ^ ^ , ^ 

Eine knappe, dennoch umfasaende Obersicht Ober Struktur, Bereidhe und Fdrderung^des 
kulturetleni.ebens Iri der Bundesrepublik Deutschland, die unter MKwfrkung des Auswir- 
tlgen Amtes, des Bundesministeriums des Innern, des Deutschen Stdbtetages, de^ Deut- ' 
schen UNESCO-Komnflsslon und des Sekretariats der Standigen Kultusministerkdnferenz 
der Lender erarbeitet worden ist. 

Die Arbeit gibt den,tJmfang des kulturetlen Angebots wieder, das dem BOrger der Bundes- 
republik heute mit staatlicher und kommunater Unterstdtiuog gemacht wird, und zelgt 
die Mbglichkeiten auf,.wle ar arfi kultureUen Leben tiilhaben kann. * • ' 
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